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1.1 Study Objectives 
The ob jec t ive  of t h i s  study was t o  def ine  the advancer i n  technology 
required to  permit a T i t a n  Probe mission t o  be launched during t h e  1e;c 
feu years of the 1980 decade. The study t a s b  are: 
o Define the  technologies required t o  be developed. 
o Assess the s t a t u s  of those defined technologies. 
o R e c m e n a  a technology development plan f o r  the  
required technologies. 
1.2 Study Groun& Rules, Guidclincs,  and Const ra in ts  
o The determination of technologies was made f o r  the 
base l ine  Class B T i t a n  Probe described i n  the  
Pre-Phase A f e a s i b i l i t y  study completed i n  1979 by 
Martin Marie t ta  (Study of Entry and Landing Probes f o r  
Exploration of Titan-HCR-79-512, Contract  NAS2-9985 
June 1979). The Class  A and Class  C probes were 
considered a s  add i t iona l  elements t o  the Class  B 
baseti.ne. 
o The techno .ogy requirements f o r  science inn truments 
vere  not studied but the  accomnodations f o r  the  
instruments designated i n  the basel ine  conf igurat ion of 
the previous r e p o r t ,  were reviewed f o r  technologies 
required.  
o The T i tan  Probe project  was assumed t o  s t a r t .  i n  1985 
with a launch i n  1989 and a r r i v a l  a t  Saturn  i n  1997. 
This time-frame is d i f f e r e n t  chan the time period given 
i n  t h e  Contract  Statement of Work. This time period 
was changed a t  the kickoff ,me t ing  of 5 N-wember, 
1979; i t  was agreed t h a t  10 years in  Ypnce would be 
used a s  the dormant time period t o  evaluate  the 
hardware's l i f e  capab i l i ty .  
o No new information war received r e l a t e d  to  the Saturn 
Orb i t e r  t r a j e c t o r i e s ,  nor was updated Ti tan  atmosphere 
data  ava i l ab le  ( r e f e r  t o  SOW cons t ra in t  item D-5 and 
D-6). Therefore* the basel ine  data  was used and a t  t h e  
kickoff  meeting i t  was agreed t o  l i m i t  the atmospheric 
pressure ,  a t  the su r face ,  t o  a range of .2 t o  2 bars.  
o A requirement f o r  the contamination of the Ti tan  
surface  was a l s o  added a t  the kickoff meeting. The 
probe was required t o  have a microbial  reduction t o  
4 
10 v iab le  microorganisms. This was assume8 t o  
impose a Viking-type requirement of heat P t e r i l i z a t i o n  
on the hardware and the e n t i r e  probe. 
o Surface sample acqu i s i t ion  requirements were added a t  
the kickoff  meeting and documented by the memo of 
Related Document 4 (Appendix C) . 
1.3 F i n a l  Report Organization 
This report  is organized t o  present  the r e s u l t s  of t h i s  studv in  
Sections 1.0 and 3.0. Sect ion 2 . G  presents  an overvirv of the r e s u l t s ,  
while Sect ion 3.0 conta ins  the r e s u l t s  fo r  each technology a s  follows: 
o The technology requirement, 
o The development s t a t u s  of the technology, 
o A technology d e v e l o p e n t  plan. 
The Appendices present the d e t a i l s  of  how the studv was conducted. 
Appendix A de sc r ibes  t he  requirements  f o r  t he  qldy and t h e  t a s k s  
fo l loued  i n  execu t ing  the  s tudy .  The system a n a l y s r s  products ,  u-ed t o  
provide t he  requirement f o r  t he  a n a l y s i s  of t h e  hardware system, a r e  a l s ~  
recorded i n  Appendix A. Appendix B p r e r e n t s  documentntion of the  
subryrtem s p e c i a l i s t ' s  a n a l y s i s  of t h e  subryrtem hardware. The 
t echnolooica  r equ i r ed  t o  be developed a r e  a l s o  r epo r t ed  i n  Appendix 0 .  
Appendix C l is ts  the  r e l a t e d  documents used i n  t h i s  s tudy.  
2.0 SLMMARY OF RESULTS 
This  r e p o r t  d e s c r i b e s  t he  r e s u l t s  of a new technology s tudy  
conducted f o r  t h e  T i t a n  Probe. The o b j e c t i v e  of t h e  s tudy  was t o  
determine i f  technology advances a r e  needed i n  o r d e r  t o  accomplish t ne  
T i t a n  Probe mission.  The s tudy  invo1v.d d e f i n i n g  t h e  miss ion  c o n d i t i o n s  
and requi rements  and e v a l u a t i n g  tile technology impact on the  b a s e l i n e  
T i t a n  Probe c o n f i g u r a t i o n .  We then  s tud i ed  \e development s t a t u s  of t h e  
r equ i r ed  new technology by surveying  t he  e x i s t i n g  program a c t i v i t i e s  
which would advance t he  t e chno log i e s  r equ i r ed .  In  a  few c a s e s ,  where i t  
was determined t h a t  the  e x i s t i n g  technology d e v e l o ~ m e n t  program is 
inadequa t e ,  we have recotmuended a  development plan and included an 
e s t ima ted  c o s t  f o r  each. 
A s  a  r e s u l t  of t h i s  s tudy  we recommend cont inued a c t i v i t '  - 9  i n  two 
a r ea s :  Technology Development and System S t u d i e s .  For c r i t i c a l  a r e a s ,  
such a s  s u r f a c e  sample a c q u i s i t i o n  and p rocesa i cg ,  s t u d i e s  should being 
a s  soon a s  p o s r i b l e  i n  o rde r  t o  maximize t h e  time f o r  t h e  i d e n t i f i c a t i o n ,  
and r e s o l u t i o c  of any enab l ing  t echno log i e s .  The miss ion  c h a r a c t e r i s t r c s  
t h a t  were found t o  d r i v e  technology,  and t h e  cor responding  recomrnded  
t chnology developments,  a r e  summarized i n  t he  f2 l lowing  paragraphs .  
o  Ten Years Dormant L i f e  i n  Space Vacuum - The requirement t o  be i n  
space vacuum ( i n a c t i v e  f o r  10 y e a r s )  was found t o  be compatible  
wi th  t h e  des ign  c a p a b i l i t y  of s t a t e -o f - t he -a r t  e l e c t r o n i c  
components. Data e x i s t s  from which reasonable  a c c e l e r a t e d  l i f e  
e x t r a p o l ~ t i o n s  have been made. These r e p o r t s  ( B i b l i o g r a p h i e s  
a r e  i n  Sec t i on  3.6) v e r i f y  t h a t  the  type of e l e c t r o n i c  p a r t s  
a s se s sed  f o r  use  i n  t h e  T i t a n  Probe subsystems can f u n c t i o n  
r e l i a b l v  a f t e r  10 yea r s  s t o r a g e .  The ten-year l i f e  c a p a b i l i t y  of 
non-metal l ic  m a t e r i a l s ,  such a s  l u b r i c a n t s ,  g a s k e t s ,  s e a l s ,  
adhes ives ,  anx+ s t r u c t u r a l  p l a s t i c s  could not be v e r i f i e d  from 
e x i s t i n g  ~ k s t  da t a .  S i m i l a r l v .  t he  l i f e  c a p a b i l i t y  of Hasne t i c  
Bubble Memory (MBM) devices i s  not v e r i f i e d .  The s t a t u s  r e s u l t s  
and technology development plan f o r  ma te r i a l s  and MBM devices is 
discussed i n  Sections 3.3 and 3.4, respect ively .  
o Unknown Surf ace Conditions, Various Sample Mater ia l  and Surf ace 
Temperatures - A t  t h i s  t h e  the T i t an  s u r f s  .e i s  not well  
defined. There i s  no surface  m d e l  t h a t  def ines  e i t h e r  s lopes  or  
rock d i s t r i b u t i o n s ,  nor is the physical  condit ion of tbe  su r face  
mcte r i a l  known. For t h i s  study the acquired surface  l a t e r i a l  was 
assumed t o  be e i t h e r  s o l i d ,  loose and granular ,  o r  i n  a l iqu id  
s t a t e .  The science experiments f u r t h e r  impose a requirement t h a t  
the acquired sample should not be contaminated w i t h  e i t h e r  
fore ign organic mate r i a l  o r  Earth-based microbial  organisms. 
These requirements and the vague su r face  d e f i n i t i a n ,  drove a need 
f o r  technology development i n  a surface  sampler system and a 
sy--em design development f o r  the  landing system. 
o Weight -The basel ine  conf igurat ion,  and reasonable 
es t imates  of the  Saturn Orb i t e r  Dual Probe mission c o n s t r a i n t s ,  
a l loca ted  the maximum weight of the Ti tan  Probe t o  225 kg. This 
study concluded t h a t  the weight a l l o c a t i o n  of the base l ine  
configuration was reasonable, based on the he r i t age  hardware 
defined fo r  each subsystem. However, the inmaturity of the  
s t r u c t u r a l  design, the p o t e n t i a l  of needed redundancy i n  some 
subsyctems, and the  p o s s i b i l i t y  of a more complex landing system, 
along with the p o t e n t i a l  r e s u l t s  of a d e t a i l e d  dynamic ana lys i s  
led to the cor~clusion t h a t  a weight reduction/miniuizatlon goal  
i s  necessary. I t  follow5 tha t  weight re6uction can come 
e f f e c t i v e l y  from the "heaviest" subsystem and, theref  o re ,  t h i s  
weight d r ive r  seeks technologies  t o  reduce weight i n  the 
s t r u c t u r e  mate r i a l ,  e l e c t r i c a l  power subsystem (pr imar i ly  i n  
ba t t e ry  weight and RTG weight i n  the Class C Probe),  and i n  the 
subsystem e lec t ron ics  and data s torage device. 
Other miss ion  d r i v e r s  were cons idered;  i . e . ,  t h e  300g impact and 
s t e r i l i z a t i o n  temperature,  were found t o  be environments t h a t  can be 
t o l e r a t e d  bv proper  design and/or  v e r i f i e d  by v a l i d a t i n g  t e s t s .  
2.1 Recommended Techno logy 
S e c t i o n  3.0 d i s c u s s e s  t he  s t u d i e s  conducted f o r  each technology 
recomnended, d e t a i l s  t h e  technology developnent s t a t u s  and then  p r e s e n t s  
a deve lopment p lan  f o r  t h e  technology developments t h a t  were 
recomnended. These rec.vmnendations developments a r e  presented  i n  t h e  
f o  Llowing paragraphs.  
'1.1.1 Su r f ace  Sample Acqu i s i t i on  System - The sc i ence  experiments  v i l l  
r e q u i r e  a unique ,  m i n ~ a t u r e - s l z e d  sampler des ign  capable of acqu i r ing  
samples of v a r i o u s  type s u r f a c e  m a t e r i a l s  a t  c ryogenic  tempera tures .  No 
design and development of such a sampler is p r e s e n t l y  rak ing  p lace .  The 
work done f o r  the  Apollo-Lunar D r i l l ,  t h e  Mars-Viking Mission and the  
s tudv of Mars Return Sample Mission a r e  r e l a t e d  t o  t h e  T i t a n  Probe 
Mission, bu t  a r e  not  d i r e c t l y  app l i cab l e .  A s  a  r e s u l t  i t  i s  recommended 
t h a t  a s u r f a c e  sampler should be  developed t o  meet t h e  T i t a n  Probe,  
mu1 t i - t y p e  su r f ace  m a t e r i a l  and minimum m i g h t ,  requirement .  Sec t  ion 3.4 
p re sen t s  3 s u r f a c e  sampler conc"pt,  which may prove t o  s a t i s f y  a l l  
performance requirements ,  a s  the recommended deve lopment. 
1 . 2  B a t t e r v  Powered Svstem - The b a s e l i n e  des ign  from t h e  Pre-Phase h 
F e a s i b i l i t y  Study used a  remotely a c t i v a t e d  s i l v e r - z i n c  b a t t e r y  power 
system. Evalua t ion  of t h e  rzquiremencs f o r  w i g h t ,  cons ide r ing  the  
technology s t a t u s  of s i l v e r - z i n c  and Lithium b a t t e r i e s ,  led t o  t he  
conclus ion  t h a t  3 l i th ium-th ionvl  c h l o r i d e  c e l l  r e se rve  b a t t e r v  should be 
developed f o r  the T i t a n  Probe. The main d r i v e r  t h a t  r e q u i r e s  a l i t h i u m  
svscem is the  n e c e s s i t y  t o  achieve minimum des ign  weight .  The 
1  i thium-thionvl  c h l o r i d e  system is predic ted  co be capable  of sch i ev ing  
.In energy d e n s i t v  of over  300 watt  hours per kilogram. At: t h e  
a n t i c i p a t e d  r e q u i r e d  d i s c h a r g e  rats ,  and i n c l u d i n g  t h e  m i g h t  of t h e  
r a s e r v e  svs t sm,  \~n e n v i s i o n  an e n e r g y  d e n s i t y  a p r h i l i t v  of a t  ltnrnt :W 
wat t  hours  p e r  k i l q r a m  for a  r e a e r w  I l th iu rn- th ionv l  c h l o r i d e  svr tam.  
The l i t h i u m  b a t t e r v  h a s  t h e  p o t ~ n t i r l  of weighing d n i v  l!t Chat of a  
s l l v e r - z i n c  b a t t e r r  svs t rm.  
The uae of a remote lv  a c t i v a t e d  reserve s v s t e m  for the T i t a n  P r o h r  
m i s s i o n  fullers t h e  e x p e r i r n c e  of  t h e  m m o t e l v  a c t  i v a t e d  s i l v e r - z i n c  i n  
~ i l o - s t o r e d  m i s u i l e s .  The e x p e r i e n c e  of a wet l i t h i u m  s v s t e m  une on t h e  
Cai  1 l z o  P r o j e c t  m v e a l e u  problems pii th p a a s i v a t  i o n ,  c o r r o s i o n ,  and w l J  
j o t n t s .  A r e s e r v e  svs tem can n l n i m i z e  t ime- tempera tu re  chemicr  1  
r e a c t  i o n s  bv s e g r e g a t i n g  t h e  chemica l ly  a c t  i v c  e l e m e n t s  €ram each o t h e r  
\ l u r i n g  t h e  10-vcrr  dormant p e r i d .  
Dewlopmsnt  o f  a Lithium-thionvl  c h l o r i d e  c e l l  v a t h  t h e  g o a l  o f  .an 
energy  d c n s i t v  a d  d i s c h a r g e  r a t e  c o p a c i t v  r s q u ~ r e d  for t h e  T i t a n  Probe  
1s p r a ~ s n t  l ?  ba i l i s  accomplished.  The .let P r o p u l $ i o n  L a b o r a t o r y  (JPL), 
under  Resflarch snd T e c h n o l o ~ v  O b j e i - t i v e r  and P l a n s  (RTOP) number 
W6-23-:5, is working t o  r plan  which a n t i c i p a t e s  t e s t i n g  r p r a t o t v p e  
c a l l  i n  E i s c r l  voar  1083. The JPL s t u d v  w i l l  f o l l o w  t h e  work be ing  
performed bv DOD Agencies  ( t h e s e  s c t i v i t i c r  a r c  l i s t e d  in  S e c t i a q  3 . 2 )  
and incorporate t h o s e  r e s u l t s  i n t o  t h e  d e v c l o p e n t  of  t h e  p ro to .  w 
c e l l .  T h i s  JPL s t u d v  goa l  is t o  d e v e l o p  r t e l l  w i t h  a d e n s i t v  o f  700 
wat t  hours  p e r  k i logram w i t h  a  l -hour  d i s c l i a r g c  r a t e .  T h i s  c a p a b i l i t v  
r s n g c  i s  d i r e c t l v  a p p l i c a b l e  t o  t h e  T i t a n  Probe t e c h n o l s g v  d c v e l o p e n t  
r e q u i r e d .  Itowvver, t h e  JPL s t u d v  does n o t  i l a n s l d e r  a m s s r v r  svstem. h 
r e m t s : v  a c t i v a t e d  l i t h i r u n  S a t c a r v  svs tem i~ prcsaentlv be ing  deve loped  
t a r  t h e  NX boos t  h a t t e r v  hv E a g l e  P i c h e r  under  c o n t r a c t  t o  Wright  
l' ! r r r r s ~ r n  Aern P r o p u l ~ i o l l  t a b o r a t a r v .  Tho L ~ b i e s t i v e  ,>f t he  XX 
L l ~ v e l a p e n t  is t o  u s c  f e a t u r e s  of t h e  proven s i l v e r - z i n c  rcmoto 
. w t i v a t  ion svstcm f a r  t l i r  . i c v c l o p s n t  of a r e l i a b l e  svstnm fpr l i t , l i \ lm.  
!Je cnnc lude  t h a t  :I h a t t e r v  t e c h ~ w l ~ ? g p  d e v c l o p s n t  p r o g r m  1s 
r-equirrud In  o r d e r  to  rccompl i s h  t h e  T t t a n  Probe miss ion.  Tht* ,tevc. l,.wctrt 
plan w i l l  be made up of th ree  phaaes. The f i r s t  phaae is accomplished by 
augmenting the JPL study CRTOP 506-23-25) t o  include a goal t o  develop a 
c e l l  usable f o r  the  T i t a n  Probe. The second phase is to  follow 
the work present ly  funded t o  develop a reserve system which meets the 
T i t an  Probe minimum weight and volume cons t ra in t s .  F i n a l l y ,  the c e l l  and 
the remote a c t i v a t i o n  system a r e  combined t o  design and develop a T i t an  
Probe remotely ac t iva ted  b a t t e r y  syatem. It is envisioned tha t  the T i t an  
PruSe b a t t e r y  w i l l  be unique because of the 10 year l i f e ,  weight and 
vo Lune cons t ra in t s .  
Section 3.2 presents  the requirements, technology s t a t u s  eva laa t ion  and a 
recornended technology developnrent: plan f o r  a probe reserve l i th ium 
ba t t e rv  . 
2.1.3 Ha te r i a l s  - The technology development required f o r  nonmeta~ l i c  
ma te r i a l s  i s  to  v e r i f y ,  by t e s t ,  t h a t  app l i cab le  m a t e r i a l s  are compatible 
w i t h  10 years i n  space vacuum. 
I t  i s  coanaon knowledge t h a t  spacecra f t s  have functioned in  space f o r  
more than 5 years.  We can surmise t h a t  the nornnetalLic m a t e r i a l s  i n  
those spacecraf t  a re  s t i l l  functioning. Research performed during t h i s  
studv did  not loca te  anv ana lys i s  of opera t ing spacecraf t  t h a t  would 
va l ida te  the l i f e  of these  mate r i a l s .  Therefore,  we cannot c e r t i f y  t h a t  
nonmetallic ma te r i a l s  can funct ion a f t e r  LO years in  vacuum. Viking 
nonmetall ics a r e  being evaluated by Xar t in  Marie t ta ,  under Contract  t o  
NASA-EISFC, t o  a s sess  the physical  and mechanical p roper t i e s  of a l imited 
number of sampLes a f t e r  exposure to  thermal vacuum environment. 
inves t iga t ions  have determined t h a t  nonmetallic m a t e r i a l s  outgas and lose  
t h e i r  p l a s t i c i z e r s ,  b inders ,  polymerizing agents,  and c a t a l y s t .  The 
outgassing ra te  and the subsequent e f f e c t  on the physical  and sechan ics l  
y o p e r t i e s  of the mate r i a l  i s  a function of time and ' loca l  environment. 
Nonmetal1 i c s  are  ava i l ab le  rhat  do not have high outgassing 
sharac t e r i s t i c s .  For the Ti tan  Probe technology development, the task 
will be to analyze the r e s u l t s  of the ongoing Viking mate r i a l  study and 
t h e n  chose candidate m a t e ~ i a l s  t o  be t e s t ed  to  the T i t an  requirements. 
Lubr i can t s  t h e o r e t i c a l l y  w i l l  have the  same ou tgas s ing  problem as  
o the r  n o m e t a l l i c  m a t e r i a l s .  Pas t  eva lua t iona  of l u b r i c a n t s  have been 
! imited t o  t e s t i n g  f o r  i t o  2 yea r s  i n  space vacuum. A t  p r e s e n t ,  
IASX-MSFC is s tudy ing  l u b r i c a n t s  i n  space envirorrments and p lans  t o  t e s t  
f o r  up t o  5 yea r s  exposure t o  vacuum. Ea r ly  determinations i n  t h a t  s tudy 
have concluded t h a t  t h e  p e r f l u o r o a l k y l  po lye the r  (PFPE) chemical c l a s s  of 
l u b r i c a n t s  o f f e r s  the  b e s t  p o t e n t i a l  f o r  long d u r a t i o n  space a p p l i c a t i o n .  
Weight r educ t ion  can o f f  e c t i v a l y  be accomplished i n  t h e  s t r u c t u r a l  
des ign  by us ing  meta l  m a t r i x  composites (MMC) i n  p lace  of aluminum. 
S tud ie s  of e x i s t i n g  s p a c e c r a f t  show t h a t  a 10-SOX e i g h t  r educ t ion  can be 
achieved p r a c t i c a l l y .  S e c t i o n  3.2 documents t he  s t a t u s  of MMC and 
reconmends t h e  t e s t s  and ana lyses  r equ i r ed  t o  v e r i f y  c o m p a t i b i l i t y  w i th  
the  10 year  space vacuum requirement .  
2.l .k Hagnetic  Bubble Nemory Device (MBH) - The MBM s to rage  device  was 
recommended i n  t he  b a s e l i n e  conf igura t i : .n .  In t h i s  s tudy  we have 
reviewed t h e  s t a t u s  of t h e  technology and have found t h a t  s i g n i f i c a n t  
development i s  t ak ing  p l x e  t o  a s s u r e  t h a t  a lo6 t o  10' s t o r a g e  b i t  
c a p a b i l i t y  w i l l  be a v a i l a b l e  f o r  t h e  T i t a n  Probe program t ime-frame. 
NASA-LRC i s  developing the  microprocessor-contrcrller techno logy. By t h e  
t 'eginninu dI t h e  T i t a n  Probe program we a n t i c i p a t e  t h a t  t h e  w i g h t  and 
power w i l l  be  reduced s i g n i f i c a n t l y  f o r  t he se  devices .  The MBM d a t a  
s to rage  system v i l l  be q u a l i f i e d  f o r  a l l  space environments but  it w i l l  
be necessary  t o  v e r i f y ,  by a n a l y s i s  and t e s t .  t h a t  t h e  MBX can meet a  
10-year vacuum s torsge  requirement .  
uur review and a n a l y s i s  of the b a s e l i n e  con f igu ra t ion  from the 
nre-Phase A F e a s i b i l i t y  Study ind i ca t ed  t h a t  t h e r e  were a r e a s  of system 
des ign  t h a t  v i l l  r e q u i r e  f u r t h e r  t r adeo f f  a n a l y s i s ,  a l though it  is not 
tbvious t h a t  these  t radeoff  s t u d i e s  w i l l  uncover any new t e c h n o l ~ g y  
I equirem?: . ,~.  However, t he se  svstrm s t u d i e s  w i l l  be necessarv  before  a 
menni . c f u i  Phase  3 type design can be complet-.d. 
The fo l lowing  system s t u d i e s  a r e  rscornmcnded: 
2.2.1 Landing System Study 
o Landing S t a b i l i t y  - The b a s e l i n e  c o n f i g u r a t i o n  was 
developed i v  t h e  previous s tudy (Study of  En t ry  and 
Landing Probes f o r  Exp lo ra t i on  of T i t a n  - Rela ted  
document 1 i n  Appendix C) by assuming t h e  s u r f a c e  was 
f l a t ,  smooth and had no near -sur face  winds. Unless  t he  
s u r f a c e  is l i q u i d  t h e r e  is a s t r o n g  p r o b a b i l i t y  t h a t  
the  s u r f a c e  w i l l  be s loped and have same rock 
d i s t r i b u t i o n .  In t h a t  case  t h e  landing  system must be 
designed f o r  the  most l i k e l y  s u r f a c e  model de f ined  by 
t h e  s c i ence  community. The des ign  v i l l  be d r iven  by t h e  
c h a r a c t e r i s t i , :  of t h e  su r f ace .  Ampl i f ica t ion  f a c t o r s  
i n  t h e  probe s t r u c t u r e ,  and i n  t h e  s c i e n c e  packages 
w i l l  depend on t he  damping c h a r a c t e r i s t i c  of t he  
system. h dynamic a n a l y s i s  of t h e  s e l e c t e d  
c o n f i g u r a t i o n  must be performed. The landing  shock 
abso rp t ion  system should be capable of absorb ing  
nonhomogeneous impact f o r c e s  due t o  rocks o r  s l o p e s ,  
and have t h e  c a p a b i l i t y  t o  land che probe i n  an u p r i g h t  
p o s i t i o n .  
o  Minimum E f f e c t  on Su r face  Condit ion - The landing  
system des ign  should cons ider  t h e  e f f e c t  i t  has on t h e  
su r f ace .  I n  the  b a s e l i n e  conceptua l  des ign ,  t h e  
a b l a t i v e  m a t e r i a l  may adve r se ly  impact t h e  s u r f a c e  by 
contaminat ing any samples obta ined  from the  s u r f a c e .  
S i m i l a r l v ,  t h e r e  is some p o s s i b i l i t y  t h a t  t h e  honevcomb 
m a t e r i a l  w i l l  contaminate t he  sample a r e a  acces sab le  t o  
t he  s u r f a c e  sampLer. A des ign  n u s t  be cons idered  t h a i  
a s s u r e s  t h a t  t he  su r f ace  a r e a  i s  not contaminated by 
the  probe. 
2.2.2 . Pra-Entry Science - The Pre-Entry Science was configured i n  the  
basel ine  conf igurat ion based on a strawman group of science instruments.  
The Pre-entry and Entry science instruments w i l l  be defined p r i o r  t o  the  
Phase B design f o r  the T i t an  Probe. 
A system t rade  study must be conducted to  assess  the most e f f e c t i v e  
and e f f i c i e n t  science instrument loca t io - .  The ana lys i s  should be made 
by considering where the science instruments can be bes t  located.  
Candidate locat ions  include: 
o In tegra ted i n  the probe and poss ibly  comon with the 
ent ry  science instruments. 
o I n  a module, as i n  the basel ine  conf igurat ion,  which i s  
j e t t i soned  before ent ry .  
o I n  the rea r  of the base cover. 
o On booms t h a t  depioy away from the  probe. 
o Independent of the probe and leads or  Eollows, the 
probe i n t o  the atmcsphere. 
Evaluation of these science instrument locat ions  should be examined 
agains t  the e f f e c t  on: Science r e t u r n ,  mission r i s k ,  minimum weight, 
cost  and schedule r i sk .  
2.2.3 R e l i a b i l i t y  Study - The ground r u l e  of t h i s  study was to  perform a 
technology assessment based on the s ingle-s t r ing system base l ine  
configuration.  It i s  f e l t  t h a t  the technologies uncovered were generic 
in  aa ture  and would not be changed by a redundant system design. 
Deve l o v e n t  of the recommended technologies w i l l  provide the c a p a b i l i t y  
f o r  the hardware to operate wi thin  i t s  design s p e c i f i c a t i o n  a f t e r  
exposure t o  the mission d r i v e r  condit ions.  However, an operat  ions 
r e l i a b i l i t y  ana lys i s  w i l l  be rzquired t o  assess  the probable r i s k  t o  
mission success; and then to  e s t a b l i s h  a design c r i t e r i a  fo r  the probe. 
The c r i t e r i a  can follow the t r a d i t i o n a l  r u l e  f o r  programs: tha t  no s ing le  
f a i l u r e  s h a l l  cause the loss  of data  from more than one science 
experiment .  Af t e r  e s t a b l i s h i n g  a  c r i t e r i a ,  a s tudy  i s  conducted us ing  a  
Phase A f u n c t i o n a l  des ign  concept  ae b a s e l i n e ;  t h e  c r i t i c a l  func t ions  a r e  
i d e n t i f i e d  and a system l e v e l  F a i l u r e  Mode E f f e c t s  Analys is  (FMEA) i s  
made. From t h e  FMEA, a des ign  s p e c i f i c a t i o n  is e s t a b l i s h e d  t h a t  
c o r r e c t s  s i n g l e  poin t  f a i l u r e s  on a system block l e v e l ,  o r  w i t h i n  a 
subsystem. 
From pas t  exper ience  i t  i s  expected t h a t  such a  r e l i a b i l i t y  s tudy  
would lead  t o  same type  of redundancy i n  t h e  Data Handling System, t h e  
Telecouununications System and the  Power System. Weight i nc reases  i n  
t h e s e  systems can be expec ted  and redundancy should be developed 
cons ide r ing  the  weight r educ t ion  plan. 
The s t e p s  i n  performing t h i s  r e l i a b i l i t y  s tudy a r e :  
o  E s t a b l i s h  o p e r a t i n g  r e l i a b i l i t y  goa l s ;  
o Design t o  e l i m i n a t e  by des ign ,  s i c g l e  po in t  f a i l u r e s ;  
o Add redundancy a s  r equ i r ed ;  
o  T e s t  r e l i a b i l i t y  implementation. 
2.2.4 Weight Reduction S tudy  - The a l l o c a t e d  weight f o r  t h e  b a s e l i n e  
c o n f i g u r a t i o n  from t h e  previous  s tudy was 225 kg. Our review of t h e  
subsystems du r ing  t h i s  s tudy  concluded t h a t  t he  weight  a l l o c a t i o n  was 
reasonable  based on t h e  hardware h e r i t a g e  de f ined  f o r  each subsvstem. 
However, t he  immaturity of  t he  s t r u c t u r a l  de s ign ,  t h e  p o t e n t i a l  need f o r  
redundancy and the  p o s s i b i l i t y  of a  more complex l and ing  system may 
r e q u i r e  a  concer ted  weight r educ t ion  program t o  s t a y  w i t h i n  t he  maximum 
a ~ L o c a t e d  weight of 225 kg. 
A t y p i c a l  weight r educ t ion  program should s t a r t  du r ing  t h e  Phase A 
concept s tudy.  The h e a v i e s t  subsystems must be c a r e f u l l y  s c r u t i n i z e d  t o  
f i nd  ways t o  d r a s t i c a l l y  remove w i g h t .  
Table 2-1 shows the p o t e n t i a l  impact of a weight r educ t ion  s tudy on 
the  base l ine  conf igu ra t ion .  The proposed a l l o c a t i o n  changes i n  
S t r u c t u r e s ,  Data Handling and E l e c t r i c a l  Power subsystems a r e  d r a e t  i c  
enough t o  warrant  technology developments t o  accomplieh t h e  reduct ion .  
The sc ience  payload is a l s o  a candida te  "heavy" element t h a t  might be 
reduced through t h e  technology developments. Candidate new technology 
developments that have the  p o t e n t i a l  f o r  l a r g e  weight r educ t ions  i n  each 
of these  are: 
o S t r u c t u r e  - Use meta l  ma t r ix  compoeites f o r  i t s  
s t r u c t u r a l  members and s k i n  sec" & ~ o n s .  
o E l e c t r i c a l  Power Subsystem - Achieve weight reduct  ion  
by us ing  Lithium b a t t e r i e s  and e l i m i n a t i n g  t h e  Radio 
Iso tope  Thermal Generator  (RTG.) 
o Data Handling and Science  Subsystem - Achieve low 
weight by employing a minature des ign  which uses hybrid 
packaging, i n t e g r a t e d  c i r c u i t  components and bubble 
memories. 
The a d d i t i o n  of redundancy inc reases  the weight but  t h i s  i nc rease  
can be minimized by des igning  f o r  w i g h t  reduct ion  and redundancy a t  t h e  
same t i m e .  The des ign  and development f o r  weight and r e d ~ n d a n c y  should 
be completed by t h e  System Concept Phase (Phase B) of t h e  T i t a n  Probe 
Program. The s t e p s  t o  be performed i n  a w i g h t  reduct ion  s tudy are :  
o Use of the  Phase A Design Conf igura t ion;  
o Determine each subsystem's  weight; 
o Tradeoff t he  weight of "heavy" subsystems ( S t r u c t u r e s ,  
Power); 
o Redesign each subsystem f o r  the new weight a l l o c a t i o n .  
Table 2-1 Titan Probe- Po tent ia l  Weight Rrduction 
and Redundancy Impact 
Propoaed Al loca t ion  
Subsystem Change 
1 
To 225 kg 
o Structures (82 .5  kg)  
o Data Handling and Comnand (12 .6  kg) 
o E l e c t r i c a l  Power (29 .4  kg) 
o Telecormmrnication ( 2 . 6  kg) 
o Landing System and Mechanisms 
o Miscellaneous Redundancy 











3.0 STUDY RES'JCTS 
3.1 Surface Sample Acquis i t ion 
3.1.1 Design Requirements 
3.1.1.1 General Considerations - A s i g n i f i c a n t  por t ion of the surface  
science t o  be performed by the  T i t a n  Lander probe depends on the 
successful  opera t ion of the surface  sampler. Therefore,  i t  i s  imperative 
t h a t  the  se lec ted  technique be character ized a s  follows: 
o Design based on techniques tha t  have a t  l e a s t  a  l imi ted  
he r i t age  from previous programs; 
o Design is r e l a t i v e l y  simple, and, the re fo re  r e l i a b l e ;  
o Operating technique must be accoarmodating f o r  any type 
of surface  mate r i a l  wi th in  the wide range of p o t e n t i a l  
Charac te r i s t i c s ;  
o New technology development requirements should be 
minimized to  che g r e a t e s t  extent  poss ible .  
The major design d r i v e r s  f o r  the surface  sampler a r e  expected t o  
include the  wide range of p o t e n t i a l  surface  c h a r a c t e r i s t i c s  and the  
extremely low m b i e n t  opera t ing temperatures ex te rna l  to  the 
environmentally control led  capsule. 
3.1.1.2 Surface C h a r a c t e r i s t i c s  - Proper t i e s  of the T i t an  Probe surface  
are cur ren t ly  poorly character ized because of l imi ted  observat ional  
data .  The problem of surface  charac te r i za t ion  is much g rea te r  than the 
previously explored Lunar and Martian surfaces  because of the abundance 
of observational  data  ava i l ab le  months (and years)  p r i o r  t o  the 
respect ive  lander design,  t e s t ,  and opera t ional  phases. 
The cur ren t ly  ava i l ab le  Ti tan  surface  data  ind ica tes  proper t ies  that  
range from s o l i d s ,  semi-loose m a t e r i a l s ,  t o  a l iqu id  surface .  Previous 
planetary probe samplers have been designed fo r  s o l i d  rock mate r i a l s  such 
a s  b a s a l t ,  and loose mater ia l  composed of rock p a r t i c u l a t e s  with p a r t i c l e  
s i z e s  ranging from microns to  centimeters.  
However, the p o t e n t i a l  T i t an  su r face  c h a r a c t e r i s t i c s  must be extended t o  
include engineering proper t ies  with Earth analog6 s imi la r  t o  consolidated 
i ce ,  f r ac tu red  snow, s t i cky  s lush ,  cryogenic l iqu ids ,  or combinations of 
these mate r i a l s .  
The idea l  surface  sampler f o r  the Ti tan  Probe would be t o  
accorrmodate a v a r i e t y  of sampler types,  each of m i c h  could be designed 
s p e c i f i c a l l y  f o r  a p a r t i c u l a r  surface  charac te r i sc ic .  However, payload 
weight and power l imi ta t ions  preclude such a luxury; and the re fo re ,  a 
"universal" sampling c a p a b i l i t y  from a s i n g l e  device i s  required. 
3.1.1.3 Operating Environment - The sampler v i l l  i n i t i a l l y  be ~.cposed to  
the Ti tan  capsule env i roment  f o r  10 years during the Earth-to-Titan 
c ru i se .  Temperatures wi thin  the capeule w i l l  be moderate and a re  not 
expected ti)  impact the se lec ted design approach. However, the e f f e c t s  of 
long-term vacuum exposure a re  not very well character ized a t  t h i s  time. 
Some l imited data  is being gerera ted  by the Viking l abora to r i e s  (VL-1 and 
VL-2) current  lv  opera t ing on the Martian surf  ace f o r  more than 5 years. 
Addi t ional ly ,  engineering prope- t y  degradation data  is being gathered 
from represen ta t ive  Viking mate r i a l s  t h a t  have been s tored crnder a 
vacuum-environment s ince  f a b r i c a t i o n  of the spacecraf t .  Data generated 
fmm the  Viking progm w i l l  be use fu l  i n  guiding the mate r i a l s  s e l e c t i o n  
for  the T i t an  probe sampler, but add i t iona l  ma te r i a l s  technology 
development i s  indicated.  
The T i t an  atmosphere environments, 100% methane or  100% ni t rogen a t  
pressures ranging from 0.2 t o  2.0 ba r s ,  i s  not expected to  present  a 
s i g n i f i c a n t  problem f o r  the sampler. However, the extreme temperature of 
7 0 ' ~  represents  a challenge f o r  design of -:he sampler mechanism. 
The reconmended approach to accomodate the extremely harsh 
cemperature range i s  to  s e l e c t  a sampler design tha t  requires  a l l  
mechanisms and electro-mechanical  devices to  be housed within the 
environmentally control led  Ti tan  capsule,  and tha t  only the "sample 
co l l ec to r"  (with no moving p a r t s )  extend through the environmental 
ba r r i  e r  . 
3.1.1.4 Science Requirements - The science experiments r e q u ~ r e  a  
p o r i t i v e  sample t h a t  has not been physical ly  or  chemically changed. The 
idea l  experiment sampling method is to  mearure the sample without 
removing i t  from the surface.  Transporting the sample h i d e  the probe 
has the uncer ta in ty  of exposing the sample to  h q h  temperatures. There 
temperatures can cause any v o l a t i l e r  condenred ir* the sample mate r i a l  t o  
evaporate. To prevent the v o l a t i l e s  from changing phases and escaping 
de tec t ion ,  i t  m u l d  be i d e a l  t o  p e r f o m  the analyais  with the mate r i a l  i n  
s i t u .  For the  T i t an  Probe, deploying the instrument may be impractical .  
However, it  i s  poss ible  to  t r anspor t  the sample to  the ins ide  of the 
Probe while miaimiz. \g temperature e  Efects by: 
o  Allowing the sampler c o l l e c t i o n  to  come to  egui l ibr iwn 
with the su r face  environment; t h i s  w i l l  r e t a rd  heat ing 
the sample by providing some thermal i n e r t i a ,  
o  Rapidly t ranspor t ing the sample to  a  s e l e c t a b l e  chamber, 
o  Measuring the v c l a t i l e s  i n  s i t u ,  while they a re  i n  
equil ibrium with the enrivonment . 
3.1.2 Pas t  His tory  of  P lanetary  Samplers 
3.1.2.1 L i t e r a t u r e  Search - A l i t e r a t u r e  search vas conducted t o  
inves t iga te  the p o s s i b i l i t y  t h a t  p lanetary  sampling research/development 
a c t i v i t i e s  may be underway a t  o ther  research i n s t i t u t e s .  The l i t e r a t u r e  
search surfaced approximately 66 papers ( see  Bibliography, Sect ion 3.1.6) 
genera l ly  r e la ted  to p lanetary  sampling. These papers were reviewed and 
found t o  be i n t e r e s t i n g ,  but not d i r e c t l v  r e l a t e d  to  the technology 
requirements for  the  Ti tan  sampler. 
Xost of the e x i s t i n g ,  p r a c t i c a l ,  planetary sampling technology has 
been developed by Martin Mariet ta.  The only past  sample missions were; 
the 3-meter lunar d r i l l s  used by the as t ronauts  on Apollo missions ( see  
Bibliography Items 50-53, 56, 57, and 61-66), the surface  samplers used 
on the Xars Viking Landers (Bibliography Items 65,  $6, and 6 6 ) .  The 
on ly  o t h e r  p l ane t a ry  samplers  h r e  t he  sha l low t i  i l l s  used by the  
Ruesians on t h e i r  Luna s e r i e s  miss ions .  Same of t h e  technology used f o r  
t he se  d r i l l i n g  systems a r e  a p p l i c a b l e  t o  the  T i t a n  Probe sampler ,  bu t  a  
s i g n i f i c a n t  ex t ens ion  of t h e  s t a t e -o f  - the-ar t  is r equ i r ed .  Mart in 
M a r i e t t a  a l s o  completed, i n  A p r i l  1980, "A Study of Sample D r i l l i n g  
Technology f o r  Mars Sample Return  Misnion" (Bib l iography Lrem 45  vh ich  
i s  somewhat a p p l i c a b l e  t o  t he  T i t a n  Probe. 
3.1.3 T i t a n  Probe Sampler 
3.1.3.1 General  D e s i m  Approach - The des ign  approach recommended f o r  
t h e  T i r  .:n sampler  i nco rpo ra t e s  t h e  p r i n c i p l e s  used i s  :he Apollo sampler ,  
namely, a r o t a r y  percuss ion  d r i l l .  
This  system is capable  of acqu i r ing  samples from s o l i d  rock o r  
p a r t i c u l a t e  s u r f a c e s ,  and more r ecen t  t e s t s  (Bib l iography Item 45 -;\iars 
Sample Return Mission,  Apr i l  1980 Report)  have i n d i c a t e d  t h e  f e a s i b i l i t y  
of u s ing  t h i s  approach f o r  acqu i r ing  sha l low samples (up  t o  approximate ly  
5 cm) from water ,  i c e ,  o r  s imula ted  permafros t .  A r a t h e r  ex t ens ive  
development background f o r  t h e  r o t a r y  percuss ion  d r i l l  syscrm, s t u d i e d  i n  
t h a t  Nars Study,  i s  extremely v a l u a b l e  a s  a  b a s i s  f o r  :he T i t a n  sampler.  
An e x t e n s i o n  of t h e  technology i s  r equ i r ed  t o  provide t h e  sampling 
c a p a b i l i t y  from a c ryogenic  l i q u i d  su r f ace .  
Yrief  cons ide ra t i on  was given t o  u s ing  t h e  des ign  approech employed 
f o r  the Mars Viking l ande r  samplers .  However, t h i s  des ign  i s  r e s t r i c t e d  
t o  s u r f a c e s  with a  r e l a t i v e l y  narrow range of engineer ing  p r o p e r t i e s ,  
such a s  l oose  o r  semi-hard p a r t i c u l a t e  m a t e r i a l s .  
3.1.4 Design Approach 
The fo l lowing  de r ived  des ign  requirements  were developed f o r  the  
un ive r sa l  su r f  ace sampler: 
o Operate a f t e r  10 years i n  space vacuum; 
o Operata a f t e r  300g impact; 
o Acquire so l id  mate r i a l ,  semi-loose mate r i a l ,  and l iqu id  s t a t e  
mater ia l ;  
o Operate a t  the Ti tan  surface  environment of 7 0 ' ~  a t  0.2 t o  2 
bars atmosphere; 
o Minimize sample contamination; 
o Minimize e f f e c t  on physical  condit ion of the sample; 
o Sample from three  locat ions  and analyses a t  three  s t a t i o n s .  
Figure 3- shows a concept f o r  a universa l  sampler design. The 
design cons i s t s  of a ro ta ry  percussion d r i l l  system located on the 
cen te r l ine  or' the probe. The d r i l l  i s  designed t o  acquire samples from 
a l l  p o t e n t i a l  types of surface  mate r i a l .  The motors and mechanisms a re  
located within the thermally control led  compartment of the  probe; 
therefore ,  the surface temperature w i l l  only a f f e c t  the d r i l l  b i t  and not 
the components ins ide  the compartment. Only t t c  d r i l l  b i t  is extended 
through the thermal insu la t ion  and crushable honeycomb area. The 
honeycomb mate r i a l  i s  prevented from being forced i n t o  the center  cav i ty  
area ( thus  contaminating the sample) by a res t ra in ing- tz lescoping tube. 
The operation of the  sampler system can be followed by studying 
Figure 3-2. During f l i g h t  to  T i t an  and u n t i l  a f t e r  landing,  the  sampler 
d r i l l  head i s  latched firmly by a support device. The i n i t i a l  t r a n s i t i o n  
and ro ta t ion  motion of the d r ive  motors a r e  used to unlatch the d r i l l .  
The motor opera t ion then indexes the  d r i l l  to a sampling por t .  A t  t h a t  
pos i t ion,  the  t r a n s i t i o n  dr ive  motor extends the d r i l l  b i t  through the 
port to the surface .  After  surface  contact  i s  sensed, the  ro ta ry  
percussion power head is operated and the d r i l l  i s  driven in to  the 
surf  ace approximately 3 cent ime+.srs. During t h i s  downward ac t ion ,  the  
sample i s  acquired and the pawe.: 'lead i s  parered-do&. A diagram of the 
sample b i t  i s  shown i n  the  i n s e t  of Figure 3-2. The surface  mate r i a l  i s  
forced in to  the center  of the d r i l l  b i t  and i s  re ta ined ;n the d r i l l .  


Lf the  sample is s o l i d  o r  g ranu la r  a  s p r i n g - r e t a i n e r  ho lds  it i n  t h e  
b i t ,  an annu lus - r e t a ine r  ho lds  any l i q u i d s  p re sen t .  The anm.lus is 
concen t r i c  t o  the i na ide  wa l l  of the d r i l l  b i t .  
A f t e r  acqu i r ing  t h e  sample t h e  t r a n s i t  i on  d r i v e  motor r e  t r a c t s  t h e  
d r i l l  b i t  through the  sampling po r t .  The d r i l l  is then  r o t a t e d  t o  a  
p o a i t i o n  over  an a n a l y s i s  s t a t i o n  and moved down t o  s e a l  t h e  d r i l l  b i t  
( v i t h  i t s  sample) i n  t he  chamber. The a n a l y s i s  s t a t i o n  chamber i 
shown i n  F igu re  3-2. I t  s h w s  an a n a l y s i s  s t a t i o n  f o r  a  Gas 
Chromatograph Mass Spectrometer  (GCMS) s c i e n c e  experiment. With 
sample s ea l ed  i n  t h e  chamber, t h e  a n a l y s i s  sequcnce is then  i n i t i ,  
s a l s o  
t he  
a t e d  and 
h e a t i n g  c o i l s  ramp t h e  tempera tures  of  t he  chamber through a prescheduled 
sequence. The v o l a t i l e  gas se s  from t h e  sample can then  be t r anspo r t ed  t o  
t he  GCMS ins t rument .  
Following a n a l y s i s  r e s i d u a l  sample m a t e r i a l  l e f t  i n  t he  d r i l l  b i t  is 
not purged, bu t  is pushed f u r t h e r  i n t o  t h e  b i t  du r ing  t h e  next  sample 
a c q u i s i t i o n .  
3.1.6.1 A l t e r n a t e  I n  S i t u  Sample Analys is  - Acquir ing  a sample u s ing  t h e  
u n i v e r s a l  d r i l l  method has t h e  p o t e n t i a l  of changing t h e  p h y s i c a l  s t a t e  
of  the  s u r f a c e  m a t e r i a l .  A more p r i s t i n e  sample can be acqui red  by 
hea t ing  t h e  sample whi le  i t  is s t i l l  i n  t h e  s u r f a c e .  F igu re  3-3 is a  
ske t ch  of t h i s  i n  s i t u  sarap:e concept .  
The sampler arm is i n i t i a l l y  stowed wi th  t h e  sample h e a t i n g  tube  
a t t ached  t o  t he  bottom of the  d r i l l  b i t .  R a t a t i o n  and t r a n s l a t i o n  of t he  
b i t  un la tches  t h e  h e a t u g  tube where i t  i* indexed t o  a  p o r t  and extended 
t o  the sur face .  A f t e r  s u r f a c e  con tac t  is made, t h e  sample he . t i n g  tube 
i s  forced  1  t o  2 cen t ime te r s  i n t o  the  s u r f a c e .  The hea t ing  c o i l s  a r e  
then energ ized ,  i n  a c c o r d a x e  wi th  the  p rep rog rawed  sequer.ce, t o  
v o l a t  i l i d e  t h e  s u r f a c e  m a t e r i a l .  The v o l a t i l i z e d  gases  a r e  c a r r i e d  by an 
i n s u l a t e d .  heated pipe t o  the G C W  instrument .  

The i n  s i t u  heat ing tube could be designed to  opera te  with the  
universa l  sampler, o r  it could be designed as  an autonomous subsystem, 
thus providing l imited redundancy. 
3.1.5 Surface Sampler - Technology Development Plan - The s t e p s  required 
to develop a T i t an  Probe su r face  sampler include: 
o D r i l l  B i t  design and fabr ica t ion ,  
o Univeraa? surface  sampler design,  development, f a b r i c a t i o n  and 
t e s t ,  
o Surface sampler working model production. 
The sampler b i t  design s t a r t s  with d r i l l  b i t  m a t e r i a l  se lec ted  
during mate r i a l  evaluat ion (Section 3.4). The candidate d r i l l  b i t  
ma te r i a l s  a re  used t o  design and then t o  f a b r i c a t e  candidate d r i l l  b i t s .  
These candidates a re  t e s t ed  f o r  perrormance and endurance a t  the surface  
temperature of 70'~. Performance is evaluated by t e s t i n g  i n  a wide 
range of p o t e n t i a l  surface  amte r ia l s .  "his d r i l l  b i t  design,  along wiih 
the nonmetall ic ma te r i a l  and lubr ican t s  se lec ted  from the marer ia l  s tudy,  
a re  then used i n  the design of the  miniature surface  sampler. The design 
synthes is  w i l l  involve f a b r i c a t i o n  of the surface  sample model and then 
t e s t i n g  the design performance i n  simulated surf  aces. Design changes a s  
a r e s u l t  of these t e s t s  w i l l  i n  turn  be s i m i l a r i l y  t e s t ed .  The f i n a l  
product of t h i s  design study w i l l  be a working model of the  surface  
sampler tha t  can be used t c  t e s t  the design performance i n  new models of 
the T i t an  surface .  
The design study time span i s  est imated t o  be a t  l e a s t  ? years ,  and 
the Rough Order of Magnitude (ROM) cos t  w i l l  be i n  the  order of $600 
thousand. The development should be completed p r i o r  t o  the s t a r t  of the 
concept-validation phase (Phase B of the A-109 Acquis i t ion cycle)  of the 
Ti tan  ?robe program. 
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The following i s  a bibliography frum the above Report. 
b6. Viking ' 7 5  Pro jec t  Sunmary of Extended Mission 
Surface Sampier Operations 
Martin Marie t ta  Corporation 
Reports : Ju ly  78 (NASA Contract NAS 1-90001, Nov 76 (same) 
47. Mechanics of Cutting and Boring 
CRREL 
Part I - May 75 (CRWEL Report SR 226 )  
Part 11 - June ?6 (CRREL Report 76-16) 
Part XI1 - June 76 (CRREL Report 76-17) 
rart IV - Apt 77 (77 -7 )  
48. Environmental Appraisal for the Dry Valley 
Drilling Project Phase V 
Northern Illinois University 
1979 - 1976 
49 .  General Considerations for Drill System Design 
CRREL 
June 75 (CRREL Report TR 264)  
50. Appolo 17 Lunar Surface Drill Mission Performance 
Martin Marietta Corporation 
February 73 (NASA Contract NAS 9-9462) 
51. Apollo 16 Lunar Surface Drill Mission Performance 
Martin Marietta Corporation 
July 72 (NASA Contract NAS 9-9462) 
52. Apollo 15 Lunar Surface Drill Mission Performance 
Martin Marietta Corporation 
October 71 (NASA Contract NAS 9-9462) 
53. Familiarization and Support Manual for Apollo Lunar Surface Drill 
Martin Marietta Corporation 
August 71 (NASA Contract NAS 9-9462) 
54. Viking ' 7 5  Project Backup Surface Sampler Study 
Xartin Marietta Corporation 
April 71 (NASA Contract NAS 1-9000) 
55. Experimental Blaeting in Frozen Ground 
CRREL 
November 70 (CRREL Report SR 153)  
56. Feasibility Study Final Report - Improved Coring System for Apolla 
Lunar Surface Drill 
Martin Marietta Corporation 
November 70 (NASA Contract NAS 9-9462) 
57. Orbital and Planatary Tool Develo.pmnt 
Hartin Marietta Corporation 
February 70 (Martin Marietta Report D-69-84605-001) 
58. Core Driliing Through the Antarctic Ice Sheet 
C RREL 
December 69 (CRREL Report TR 231)  
59. Novel Drilling Techniques 
W.C. Maurer 
1969 
60. Drilling Through the Greenland Ice Sheet 
C RREL 
November 68 (CRREL Report SR 126) 
61. Final Report for Apollo Lunar Surface Drill 
Martin Marietta Corporation 
November 68 (NASA Contract NAS 9-6587) 
62. Apollo Lunar Surface Drill Phase C 
Final Report/Phase D Technical Proporal 
Martin Marietta Corporation 
August 66 (NASA Contract NAS 9-6092) 
63. Design Study for Lunar Exploration Hand Tools 
Martin Marietta Corporation 
December 65 (NASA Contract NAS 9-3645) 
6 4 .  Lunar Rock Coring Device Design Study 
Martin Marietta Corporation 
Octsber 65 (NASA Contract NAS 9-3542) 
65. Coring of Frozen Ground 
CRREL 
Spring 64 (CRREL Report SR 81)  
66. Surface Sampler Subsystem Flight Operations Handbook 
Martin Marietta Corporation 
(NASA Contract NAS 1-9000) 
B a t t e r y  Technology 
3.2.1 T i t a n  Probe Technology Development Requirement - The power system 
des ign  i n  t he  b a r e l i n e  c o n f i g u r a r i c n  u e d  a  remotely a c t i v a t e d  
s i l v e r - z i n c  b a t t e r y .  I n  t h i s  s tudy ,  we evalua ted  the  development of  
l i t h ium c e l l  technology and cons idered  t h e  requirement t o  minimize t h e  
weight of the  T i t a n  Probe; and t h e r e f o r e ,  reco~aaend the  l i th ium-th ionyl  
c h l o r i d e  r e se rve  b a t t e r y .  The l i t h ium couple is i r r  development ( s e e  
Sec t ion  3.2.2) and a  l i th ium-th ionyl  c h l o r i d e  c e l l  system is p red i c t ed  i n  
t he  l i t e r a t u r e  to  have a  t h e o r e t i c a l  energy d e n s i t y  of 600 Watt-hours par  
ki logram ac very  low d i scha rge  r a t e s .  For  the T i t a n  Probe a p p l i c a t i o n  a  
t o t a l  energy of 1400 Watt-hours is r equ i r ed  wi th  a  446 Watt-hour c a p a c i t y  
r equ i r ed  f o r  a peak C/3 d i scha rge  r a t e .  For  t h i s  worst case  cond i t i on  a  
16 Amp-hour capac i ty  is r equ i r ed .  Evalua t ion  of t he  p red i c t ed  c a p a b i l i t y  
of l i t h i u m  a n t i c i p a t e s  t h a t  a 300 Watt-hour per  ki logram a t  a C / 1  
d i s cha rge  r a t e  w i l l  be developed w i t h i n  t h e  next few years .  
Table 3-1 l i s t s  the c h a r a c t . e r i s t i c s  of p o t e n t i a l  l i t h i u m  systems 
compared to t he  s i l ve r - z inc  couple.  The l i th ium-th ionyl  c h l o r i d e  system 
is capable  of  weighing 1 /5  t h a t  of  a s i l v e r - z i n c  b a t t e r y  system. Lithium 
a l s o  has the  added advantages of a  very  h igh  working vo l t age  and 
occupying 1 / 5  of t he  volume. 
3.2.2 B a t t e r y  ,Technology D e v e l o p e n t  S t a t u s  
3.2.2.1 Si lver-Zinc S t a t u s  (Ag-Zn) - The s i l v e r - z i n c  b a t t e r y  was used 
e x t e n s i v e l y  i n  t h e  e a r l y  space program and is i n  use  today i n  t h e  T i t a n  
and P a t r i o t  m i s s i l e  p rog ram.  E x t e m i v e  d a t a  i.s a v a i l a b l e  from these  
p rog ram.  Bibl iography Items 35, 43, and 44 p re sen t  s ro rage  r e l i a b i l i t y  
da t a  f o r  primary s i l v e r - z i n c  b a t t e r i e s .  An a n a l y s i s  of a s tudy conducted 
from I??& through 1978 e s t a b l i s h e d  the  s e r v i c e  l i f e  of remotely ' lc t ivated 
Table 3-1 Comparison of Lithium and Si lver -Zinc  B a t t e r i e s  
- - 
Working Energy Dens i ty  Opera t ing  
System Voltage W-hr/ca3 W-hr/kg T e m ~ .  {OC) 
LITHIUM: 
3 u l f u r  d iox ide  2.9 115 26c' -65 t o  65 
(ti-SO2) 
Thionyl  c h l o r i d e  3.6 29 5  330 -65 t o  71 
(Li-S0Cl2) 
Vanad ium pent oxide 3.4 180 265 -b5 K O  71 
( L i - V 2 0 5 )  
P o b c a r b o n  rnonf 1uori.de 2.5 &lo  46 3 -9C t p  120 
(LL-CFN) 
S ILVER-ZINC 1.55 57 66 -40 t o  54 
( Ag-Zn) 
s i l ve r - z inc  b a t t e r i e o  a t  14.0 years  wrt-n f a i l u r e  r a t e s  of 102 f a i l u r e s  
per  s t o r a g e  hours (Bibliography I tem 30. 431. From t h e  
r e l i a b i l i t y  and space sling r e p o r t s ,  Bib l iography f tems 2 and 11, t h e  
r e l i a b i l i t y  of  t h e  remote a c t i v a t i o n  system id s u b s t d n t i a t c d  w i th  
f a i l u r e s  occu r r ing  a f t e r  approximately 30 months of s tc , rage.  
The s i l v e r - z i n c  d a t a ,  however, i s  a p p l i c a b l e  t o  a  r e l a t i v e l y  s h o r t  
o p e r a t i o n a l  l i f e  primary b a t t e r y .  The T i t a n  Probe C la s s  B miss ion  f a l l s  
beyond the  24-hour a c t i v e  l i f e  demonstrated f o r  a  remotely a c t i v n t e d  
b a t t e r y  and t h e  90-day a c t i v e  l i f e  dcnonr t r a t ed  f o r  a  manually a c t i v a t e d  
primary system. 
Secondary s i l v e r - z i c c  b a t t e r i e s  have been used e x t ~ n s i v e l v  i n  the  
p a s t ,  however, e x t e n s i v e  s to rage  d a t a  is not a v a i l a b l e .  Advanced 
development s t u d i e s  by D r .  D. So l e s  a t  NASA-LRC has  demonst iated the wet 
l i f e  c y c l i c  ope ra t ion  is a t  l e a s t  33 months. This  new system uses an 
inorganic  s epa ra to r  which evic!ently i s  an improvement over the a sbes tos  
s e p a r a t s r  system used i n  p r ev ious  systems. Sealed s i l v e r - z i n c  b a t t ? r i o s ,  
developed fo r  the Viking Program ( 19691, were t e s t ed  (Bib liographyy I tem 
No. 7) .  This t e s t  showed an average 12X capacity degradation f o r  c e l l s  
w i t h  a 30 ampere-hour capaci ty  a f t e r  10 years storage.  These sealed 
s i lver-z inc  c e l l s  were submitted t o  s t e r i l i z a t i o n  temperatures and showed 
an average 25% degradation i n  capaci ty .  
S ta tus  of the technology of the  s i lver-z inc  b a t t e r y  ind ica tes  t . ~ a t  
development would be required to  s u b s t a n t i a t e  a remotely ac t iva ted  
b a t t e r y  with ac t ivated opera t iona l  l i f e  of 11 days and a space s torage 
l i f e  of 10 years.  
3.2.2.2 Lithium Bat tery  Technology S t a t u s  - Lithium c e l l  development has 
been i n  progress s ince  the e a r l v  1970s. S ign i f i can t  d e v e l o p e n t  of very 
low discharge ra'.e systems, such as lithium-vanadium pentroxide 
(Li-V2 0 5 )  and lithium-polycarbon monofluoride (Li-CfN) have been 
made by G.E. ,  honeywell, GTE, Eagle Picher ,  PCI, and Mallory. The more 
v iab le  couples for  the T i t an  Probe a r e  l i thium-sulfurdioxide (Li-SO2) 
and l i t h i m - t h i o n y l  chlor ide  (Li-SOC12). n e s e  sysLems are  predicted 
to be capable of energy d e n s i t i e s  i n  the ozder of 300 Watt-hours per 
kilogram with the Li-SOC12 having a higher c a p a b i l i t y  i n  dens i ty  
and working voltage.  The bibliography l i s t  f o r  S a t t e r i e s  (Paragraph 
3.2.5) l i s t s  the more pe r t inen t  repor ts .  
3.2.2.3 Lithium Su l fu r  Dioxide S t a t u s  - The Li-SO2 system has had a 
s i g n i f i c a n t  amount of da ta  col lec ted.  Li-SO2 has been under 
developnent by the Navy a s  well a s  the  Army Conrmunication Center a t  For t  
?lomonth. XUA-ARC has been developing an t i - S O 2  system f o r  the 
Gali leo mission. This mission uses a ve t  c e l l  f o r  a 3 year l i f e t ime .  
Testing of the l i thium-sulfur dioxide system has revealed a shelf l i f e  
problem i n  glass-to-metal  s e a l s  and corrosion on welds. The program has 
made manufacturing changes to  cor rec t  these problems. and a r e  t e s t i n g  to 
ve r i fy  the ef fect iveness  of co r rec t ive  ac t ions .  
Evalua t ion  of t he  c e l l s  by Sandia Laboratory (S .  Levy) on long term 
s t o r a g e  ( 2  yea r s )  and a p p l i c a t i o n  show t h a t  the  pas s iva t ion  f i l m  on the  
anode can be removed by p e r i o d i c a l  d i scha rge r ,  but t h a t  t h e  f i lm v i l l  
r egene ra t e  a s  a  funct ion  of t i m e  and s to rage  temperature.  
Evalua t ion  of Li-SO2 c e l l s  by C. Bennett (General  E l e c t r i c ,  Val ley  
Forge) ,  on the  p a s s i v a t i o n  e f f e c t s ,  co r ros ion ,  and c a p a c i t y  degradat ion  
a s  a  r e s u l t  of  o r i e n t a t i o n ,  aga in  has shown t h a t  the  degree of  
pas s iva t ion  is a func t ion  of t i m e  and temperature. Corrosion,  on t h e  
o t h e r  hand, does not  appear  t o  be i n h i b i t e d  by temperature and w i l l  
degrade most m a t e r i a l s  i nc lud ing  p l a s t i c s ,  s t a i n l e s s  s t e e l ,  and g l a s s .  
Evalua t ion  of c a p a c i t y  deg rada t ion  a s  a  f c n c t i o n  of o r i e n t a t i o n ,  a s  
supported by H. Taylor  of  P. R. Hal lory ,  s h w s  t h a t  t e s t i n g  of t h e  c e l l s  
i n  an upside down s t a t e  r e s u l t s  i n  a  capac i ty  l o s s  of 65 t o  76% of f r e s h  
c e l l s  whi le  t e s t i n g  of t he  c e l l s  l y ing  on t h e i r  s i d e s  r e s u l t s  i n  a 
capac i ty  l o s s  of only 33%. 
S a f e t y  a spec t s  of the c e l l s  ( eva lua t ed  by A. N. Dey of 3. R. 
X a l l o r y ) ,  has shorn t h a t  the Li-SO, c e l l s  are s u s c e p t i b l e  t o  v i o l e n t  
* 
explos ion  a s  a  r e s u l t  of forced  overdischarge  from e i t h e r  a s h o r t  
c i r c u i t ,  o r  a  r e s i s t i v e  load. High pressure  bu i ld  up problems, a s  a  
r e s u l t  of thermal run away, have been solved wi th  a  low p res su re  vent  
(100 t o  300 p s i )  and appropr i a t e  fu ses  incorpors ted  i n  the  c e l l s .  
Explosions as a  r e s u l t  of anode l i m i t i n g  have a l s o  been eliminated. 
Explosions a s  a  r z s u l t  sf s t o r a g e  and r e s i s t i v e  d i scha rge  a r e  s t i l l  under 
i n v e s t i g a t i o n .  
3.2.2.4 Lithima Thionyl Chloride S t a t u s  - Of the  s t u d i e s  being performed 
a t  t he  present  t ime,  RTOY 506-23-25 is the  most d i r e c t l y  a p p l i c a b l e  t o  
the  T i t a n  Technology requi red .  This  s tudy is funded by NASA-OAST and is 
bei. s performed by JPL. The goal  of t h i s  s tudy is "to develop improved 
l i t h ium b a t t e r y  systems with s u b s t a n t i a l l y  improved l i f e t i m e ,  
r e l i a b i l i t y ,  s a fccy ,  cvc le  and r a t e  capab :y, and energy d e n s i t y  
operable  a t  spacec ra f t  ambient temperatures." JPL env i s ions  a 300 
Watt-hour per  kilogram energy d e n s i t y  a t  d i scha rge  r a t e  of ! hour.  Th i s  
is  d i r e c t l y  a p p l i c a b l e  t o  t he  T i t a n  Probe. The RTOP plan  is t o  t e s t  a  
pro to type  c e l l  i n  f i s c a l  yea r  1983. 
The b ib l iography f o r  b a t t e r i e s  i n  Sec t ion  3.2.4 l i s t s  some of the  
p e r t i n e n t  s t u d i e s  on l i t h ium c e l l s .  The JPt program plan  ffcr t h e  RTOP 
(Bibliograph:, I tem No. 5 2 )  l i s t s  the  r e l a t e d  l i t h i u m  b a t t e r y  a c t i v i t i e s  
being performed under DOD sponsorship.  Since they a r e  d i r e c t l y  
a p p l i c a b l e  t o  the s tudy,  t he  fo l lowing primary l i t h i m  b a t t e r y  r e p o r t  is 
quoted from Bibliography I tem 52. 
A i r  Force heropropuls ion  Laboratory (AFAPL), 
Dayton, Ohio, is spcnsor ing  t h r e e  programs. The 
f i - r s t  of these  i s  concerned with s tudying  and 
c h a r a c t e r i z i n g  the  pas s ive  f i lm  formed on the  
l i t h i u m  anodes of primary LiS0Cl2 c e l l s .  Funding 
l e v e l  is $36 thousand. This  work is being c a r r i e d  
ou t  on c o n t r a c t  wi th  t h e  Un ive r s i ty  of Dayton. The 
second is concerned wi th  t h e  s a f e t y  of primary 
LiSOC12 and L i S 0 2 ~ ? 2  c e l l s .  They a r e  t r y i n g  
to  de f ine  the  condr t ions  and causes of exp los ions  
i n  these  c e l l s .  They hope t o  e i t h e r  e l imina te  the  
causes o r  ~ p e c i f y  a  range of parameters  under which 
s a f e  ope ra t ion  can be achieved. This  work is being 
c a r r i e d  ou t  on c o n t r a c t  wi th  General Telephone and 
E lec t ron ic s .  Funding l e v e l  is about $100 
thousand. The t h i r d  is aimed a t  developing 
manufacturing methods f o r  making LiS(3C12 primary 
b a t t e r i e s .  This  work is  being c a r r i e d  ou t  m 
c o n t r a c t  wi th  Honeywell. 
The United S t a t e s  A i r  Force ,  Space and M i s s i l e  
System Organiza t ion  !SAMSO), Norton AEB, 
C a l i f o r n i a ,  has a s i z e a b l e  c o n t r a c t  (about  $2 
m i l l i o n )  wi'h Honeywell t o  deveiop the LiSOC12 
pr imary b a t t e r y  a s  a ground support  power supply 
fo r  the ?fX m i s s i l e  system. Honeywell is  i n  the  
process of s c a l i n g  up i n  s t e p s  from the  e x i s t i n g  17 
AH s i z e  c e l l  t o  t h e  requi red  17,000 AH c e l l  j i z e .  
The Naval Surface Weapons Center (NSWCZ, S i l v e r  
Spring,  Maryland, has four explora tory  d e v e l o p e n t  
type program i n  the a rea  of l i th ium b a t t e r i e s .  
Funding l eve i s  a r e  about $100 thousand f o r  each. 
The f i r s t  of these is to  e v a l l ~ a t e  the primary 
LiSOC12, b a t t e r y  technology under d e v e l o p e n t  a t  
Altue Company, Palo A 1  to ,  Cal i fornia .  The second 
i s  t o  evaluate  a primary 100 AH, 12-volt LiS02 
reserve type b a t t e r y .  The t h i r d  i s  to  evaluate  the  
explosive e w i v a l e n t  of primary LiSO;, LiSOCI2, 
and LiCF c e l l s .  The four th  is t o  iden t i fy  
intermediates formed during discharge of primary 
LiS02 c e l l s .  A l l  of t h i s  work is being c a r r i e d  
out  in-house a t  NSWC. NSWC a l s o  has a number of 
programs i n  progress wherein they a r e  purchasing 
primary LiS02 and LiSOC12 c e l l s  t o  s p e c i a l  
order and evaluat ing them as  power sources f o r  
hardware items such as  underwater mines. 
The Naval Oceans Systems Center (NOSC), 3an Diego, 
Ca l i fo rn ia ,  i s  engaged i n  a program i d e n t i f i e d  a s  
the  High Energy Density Bat tery  (HEDB! program. 
Funding to  da te  has been $2  mi l l ion.  Objective of 
the program is t o  devcl tp  high energy, l ightweight 
b a t t e r i e s  as  puwzr sources to  propel and opera te  
e l e c t r o n i c s  on c l a s s i f i e d  underwater vehic les .  
Af ter  examining severa l  candidated b a t t e r i e s  NOSC 
has decided t h a t  the Al tus  primary LiSOCIZ 
b a t t e r y  o f f e r s  the  most promise. For t h i s  reason 
NOSC has awarded a con t rac t  t o  Altus t3 s c a l e  t h e i r  
c e l l s  ~p to the  1000 AH c e l l  s i z e  required f o r  t h e  
vehic les  . 
JPL had been carrying out an in-house e f f o r t  ($100 
thousand) on charac te r i za t ion  of comnerical 
LiSOC12 c e l l s  from Altus  Company. This involved 
e l e c t r i c a l ,  thermai, and s a f e t y  charac te r i za t ion  of  
nominal 6 AH c e l l s .  
The Naval Sea System Command (NAVSEA), Washington, 
D.C. nas a major program ($20 mi l l ion)  to develop 
Lightweight Torpedos . A promising contender f o r  
t h i s  appl ica t ion i s  the LiSOC12 systam provided 
it can be shown to  opera te  a t  high r a t e s ,  i .e . ,  100 
percent discharge i n  ten  minutes. NAVSEA w i l l  be 
s e l e c t i n g  a con t rac to r  i n  the near fu ture .  
The Army Electronic Research and Developuent 
Comnand (ERADCOM), Fort Monmouth, New Jersey, has a 
number of program of about $100 thousand underway 
on primary lithium batteries. They are working 
both in-house and on contract on LiSO2, 
LiSOC12, and LiSO C l 2  batteries. Some of the 
program are a h r i  ar developing the batteries for 
specific types of commnication equipment. Other 
program are technology-oriented and deal with 
safety and passivation aspects of these cells. 
Their principal contractors for the LiS02 cells 
are Mallory and Honeywell. Their principal 
contractors for the LiSOC12 cells are a E ,  
Nsllory, EIC, and Altus. 
The Army Research Office, Washington, D.C., has a 
small program ($60 thousand) with EIC Company to 
study film on lithium electrodes exposed to 
thionyl chloride. 
The following presently active programs are applicable to the Titan 
Probe requirements: 
o Lithium reserve batteries for normal mines application for the 
NSWC by Honeywell with a funding of $50 thousand in 1978 under Don 
Warburton. 
o Rechargeable lithium systems funded and internally worked by 
3RADCOM of Fort Monmouth, New Jersey, with a $100 thousand funding. 
o Harrison Labs has been investigating the packaging of the lithium 
reserve power system with a funding of $13 thousand in 1979. 
o P R Mallory has been undec! by ERADCOM to evaluate hermetically 
sealed lithium system. 
o McDonnell of ERADCOM is evaluating the lithium orgmic batteries. 
a D r .  A. N.  Dey of P R Maliory has been funded $12C thousand by 
ERADCOM f o r  the  eva lua t ion  of the  l i t h i u m  th iony l  c h l o r i d e  system. 
o D r .  So l  Gilman of ERADCOM has been funded f o r  t h e  improvement of 
l i t h i m  ino rgan ic  e l e c t r o l y t e  ce lls. 
o R. L. Hipgins of Eagle P i che r  has been funded by Wright P a t t e r s o n  
f o r  t h e  i n v e s t i g a t i o n  and e v a l u a t i o n  of  t h e  calcium ino rgan ic  e l e c t r o l y t e  
b a t t e r y .  
o  Wright P a t t e r s o n  has a l s o  funded C E  (M. A. S a l v i n )  f o r  the  
developnent  of t h e  l i t h ium organic  b a t t e r y .  
o  D r .  G. Holleck of E I C ,  e v a l u a t i o n  of t he  e l e c t r i c a l l y  r echa rgeab le  
l i t h ium b a t t e r y  $58 thousand funding by ERADCOM. 
o Eagle P i che r  (L. R. Erisman) has been funded by Wright P a t t e r s o n  
$67 thousand i n  1980 f o r  t h e  evaluation of t h e  l i t h ium ino rgan ic  
e l e c t r o l y t e  r e se rve  b a t t e r y .  
o  A l t u s  Corpora t ion  has been funded wi th  $89 thousand from Wright 
P a t t e r s o n  f o r  the  c e l l  e v a l u a t i o n  of t h e  primary l i t h i m  t h i o n y l  c h l o r i d e  
system. 
Bib l iography I tem 53 is  the  l a t e s t  i s sue  of the  " In te ragency  Advanced 
Power Group B r i e f s  by F i e l d  of I n t e r e s t . "  This  p e r i o d i c  p u b l i c a t i o n  
l is ts  t h e  advance power r e sea rch  p r o j e c t s  being funded by government 
agencies .  A s i g n i f i c a n t  number of l i t h ium p r o j e c t s  a r e  ongoing; t h e s e  
a r e  l i s t e d  under Bibl iography I tem 53. 
The fo l lowing  a c t i v i t v  was r epo r t ed  a t  t h e  29th Power Sources 
Conference, A t l a n t i c  C i t y ,  June,  1980. 
o The Naval Surface  Weapons Center  is p r e s e n t l y  i n v e s t i g a t i n g  t h e  
thermal a n a l y s i s  of the i n t e r a c t i o n s  of va r ious  components of the  LiSO, 
- 
and LiSOC1, c e l l s .  
- 
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o Hodified LiSO, cells and componeut for long life applications, 
.. 
such as. Galileo and future deep space probes, are being evaluated by Sam 
Levy of Sandia Labs. This study has approximately 2 years of testing 
completed. 
o Evaluation testing of manufactured high reliability LiS02 
batteries is presently ongoing by Power Conversion Inc. 
o A 100 Ahr multicell LiS02, for Yaval usage, is presently 
undergoing performance testing by Honeywell Power Source Center. This 
sytem could be a viable candidate that can be modified for Titan Probe 
application. 
o P. R. Mallory is presently evaluaring material for the LiS0, 
- 
system to be used in the Galileo Program. 
o Safety procedures in the handling, storage, and use of LiS02 
cells are being preeared by the U S Army Electronics Technology and 
Devices Laboratory. 
o High rate discharge characterization of the LiSOCl are 2 
presently being evaluated by GTE. 
o Characterization of LiAtC14-SOC12 solutions for LiSOC12 
application is presently being evaluated by Honeywell. 
o  ith him Corrosion and voltage delay in LiSOCl cells, with 2 
L i 2 ~ 1 0 ~ 1 1 0 / ~ ~ ~ 1 2  and Li.21C14/SOC12 additives, is being 
evaluated at GTE labatories. 
In the past few years a major effort has been placed on the design, 
development and testing of the LiS02 and LiSOC1, svstems. The 
* 
quantity of work underway is made evident by the large number of 
technical papers presented at the society conferences, and the large 
number of development contracts from the various government agencies. 
Safety  has been upmoat i n  the minds of the a p p l i c a t i o n  engineer f o r  
both unmanned probes and spacecra f t s  as  well  a s  usage on the s h u t t l e .  
Many agencies are  a t  present  preparing procedures i n  the proper handling,  
s torage and usage of the l i th ium s y s t e m .  
Although a large  volume of work is being done on the primary systems 
very l i t t l e  Work i s  being done i n  the reserve  o r  remotely ac t iva ted  
systems. I t  i s  recornended t h a t  a  develowent  and t e s t  program be 
i n u t i t a t e d  on the reserve syotem. This developnent and evaluat ion 
program would address the a c t i v a t i o n  system, long t a m  s torage e f f e c t s  on 
c e l l s ,  temperature e f f e c t s  on s tored c e l l s ,  and mate r i a l s .  
The JPL-RTOP e i f o r t  i s  not looking a t  reserve  systems. However, 
Eagle Picher i s  present ly  under con t rac t ,  t o  Wright Pa t t e r son  
heropro?ulsion Laboratory (WP.4PL) to develop a  reserve  system f o r  the  MX 
bnost ba t t e rv .  WPAPL d i r e c t i o n  is fo r  Eagle Picher to  der ive  the remote 
a c r i v ~ t i o n  component from the  remote a c t i ~ a t i o n  system used f o r  the  
s l ive r -z inc  b a t t e r i e s .  
In  summpary, the technology d e v e l o p e n t  f o r  l i th ium thionyl  chlor ide  
c e l l s  is present ly  being conducted. The s t a t u s  of development of a c e l l  
f o r  t t e  T i t a c  Probe can come from t h i s  present  a c t i v i t y .  However, the  
d e v e l o p ~ e n t  of a reserve  LiSOCL2 system cannot be r ea l i zed  d i r e c t l y  
from the present  a c t i v i t y .  An a c t i v i t y  t h a t  d i r e c t l y  develops a  T i t an  
Probe l i th ium b a t t e r y  should be funded. 
3 . 2 . 3  Bat tery  Technology Development Plan - To ensure a  f u l l y  q u a l i f i e d  
opera t ional  system fo r  the T i t an  Prcbe Launch b a t t e r y  development and 
evaluat ion should be undertaken immediately. Although the l i th ium system 
has matured i n  the past few years,  the data  base i s  s t i l l  small. 
Development, t e s t ,  ana evaluat ions  are required i n  the following areas:  
o Remotely ac t iva ted  system, 
o Corrorion, 
o  Ef fec t s  of long term s torage,  
o  S t e r i l i z a t i o n .  
The program t o  develop a  remotely ac t iva ted  l i th ium b a t t e r y  system 
should pursue the following plan: 
o  Develop LiSOCL* C e l l  -This a c t i v i t y  can be inse r t ed  in to  the 
JPL-RTOP e f f o r t .  An add i t iona l  ob jec t ive ,  t o  develop a  T i t an  
Probe prototype c e l l ,  can be included i n t o  tha t  study. The time 
period f o r  t h i s  add i t iona l  task  can be imposed i n t o  the  present  
plan i n  order to  have a  T i t an  Probe prototype c e i l  t e s t ed  by the 
end of f i s c a l  year 1983. 
o Develop a  Remote Activation System. - This w i l l  have t o  be a  
unique a c t i v i t y  t h a t  draws the  MX d e v e l o p e n t  t h a t  Eagle Picher  
i s  present ly  conducting. A separa te  a c t i v i t y  w i l l  be required t o  
design the system f o r  the  T i t an  Probe veight and volume. It  i s  
envisioned t h a t  t h i s  would take a  year of d e v e l o p e n t  a f t e r  the 
24( a c t i v i t y  has reached some matur i ty .  A component should be 
ready t o  prototype t e s t  with the c e l l  i n  f i s c a l  year 1983. 
o Perform Long Term Storage Test  - Prototype reserve > a t t e r y  
systems w i l l  be t e s t ed  f o r  long l i f e  and system components, such 
as  c e l l s ,  manifolds,  e l e c t r o l y t e  tanks,  and diaphrams can be l i f e  
t e s t ed  as e a r l y  as they a re  desisned. A t  l e a s t  3 years of 
t e s t i n g ,  with samples being t e s ted  a t  useful  i n t e r v a l s ,  w i l l  b e  
necessary. 
o Develop 10 Year L i f e  P red ic t ion  Xethod - From the l i f e  t e s t s ,  an 
attempt should be made to  evolve a  method f o r  long l i f e  
predic t ion from 3 years or  l e s s  data .  Analysis of the ee3t data  
from l e s s  than 3 years of s torage m y  be capable of b e i ~ g  
extrapola ted  t o  p red ic t  a f a i l u r e  r a t e  a f t e r  10 years storage.  
The t e s t  should be designed, however, to  s t o r e  some samples f o r  8 
t o  10 years.  
The b a t t e r y  s torage t e s t  should be scheduled t o  have 
completed a t  l e a a t  3 years of s torage time p r ro r  t o  the  PDR i n  
the System Concept Phase (Phaae B i n  the A-109 Acquis i t ion Cycle) 
of the  T i t a n  Probe misaion. The rough order of magnitude 
es t imate  of coat  f o r  development and v e r i f i c a t i o n  of the 
ac t iva ted  b a t t e r y  i s  $2.5 mi l l ion.  
3.2.4 Battery Bibliography 
During the study the following data sources were identified and 
evaluated as source material for our study of new battery technology 
developent requirements. 
Lithium Thionyl Chloride Battery 
A. N. Dey, et. al.: P. R. Mallory 
Reports: February 1980 (AD-A080 7341, November 1979 (AD-A077 1621, 
July 1979 (AD-A072 3581, April 1979 (AD-A068 422) 
Safety Studies of Lithium-Sulfur dioxide C e l h  
A. N. Dey : P. R. Mallory 
Reports: November 1979 (AD-A077 277), November 1978 (AD-A062 708) 
Safety Studies of Lithium Sulfur Dioxide Cells 
J. L. Dlagon, et.al. : Honeywell 
Reports: November 1979 (AD-A978 961), February 1979 (AD-A066 378) 
1nvestiga:ions of the safety of Li/SOC12 Batteries 
K. M. Abraham, et.al. 
Reports: November 197a (*A077 8441, July 1979 (AD-A072 8621, May 
1979 (AD-A069 794) 
Investigations of Methods to Eliminate Voltage Delays in Li/SOC12 
Sells 
C. a. Young, et.al. 
keports: November 1979 ((AD-A080 194 and AD-A080 1251, March 1979 
(AD-A069 522 ) 
6. A Lithium Replacement for the Nickel Cddmium MC1605B PAL Equipment 
Battery 
J. M. Goes 
August 1979 (AD-B041 492L) 
7. Basic studies of the Lithium Secondary Electrode 
Sarry S. B t m e r ,  et.al. 
April 1979 (AD-A069 846) 
8. Continued developent of Higher Energy Density Lithium Reserve 
Battery 
R. J .  Horning 
Reports: April 1979 (AD-B037 513L), !larch 1977"(AD-B23 349L) 
9. Lithium-Inorganic Electrolyte Battery Development 
F'. Goebel 
April 1979 (AD-A073 858) 
10. Temperature P r o f i l e  i n  Li/SO2 C e l l s  During Dischetga 
S. Dallak,  e t . a l .  : NSWC R&T Dept. 
December, 1978 (AD-A070 378 ) 
11. S t a b i l i z a t i o n  of LIASFC/Dimethyl s u l f i t e  E l e c t r o l y t e  Solut ion 
R. J .  Horning : Honeywell 
Augumt 1978 (AD-D305 905) 
12. Sealed Primary Lithium-Inorganic E l e c t r o l y t e  C e l l  
A. N. Dey : P. R. Mallory 
Reports: Ju ly  1978 (AD-A056 3701, February 1977 (AD-A036 172 ) ,  Ju ly  
1974 (AD-782 819/7) 
13. Lithium-Inorganic E l e c t r o l y t e  Ba t t e r i e s  
J. R. Dr iscol ,  e t . -1 .  
March 1978 
14. Sealed Primary Li/SOC12 Ce l l s  
A. N. Day : P. R. Mallory 
March 1978 
15. Safe Useful Lithium B a t t e r i e s  fo r  the %avy 
F. M. Bowers 
December 1977 (AD-A080 166) 
16. Lithium Su l fu r  Dioxide Bat tery  Test  
J. G.  Alexander : U.S. Amy Miss i l e  RhD Center,  Redstone Arsenal ,  Ala 
November 1977 (AD-B024 502L) 
1 7 .  Lithium-Inorganic E l e c t r o l y t e  Ba t t e ry  Inves t iga t ion  
D. L. Chua 
Apri l  1977 (--A043 364) 
18. Sealed Lithium-Inorganic Bat tery  
N. Merincic, et.al. GTE Labs 
Reports: Apr i l  1977, August 1976 
19. Developent  of Lithium-Inorganic E l e c t r o l y t e  B a t t e r i e s  fo r  Navy 
Applications 
J. F. HcCartney, e r . a l .  
February 1977 (AD-A047 658) 
20. Electrochemical Generators i n  Aviation 
V. A. P r i tu lyuk  
February 1977 (AD-8022 360L) 
21. Optimization of Lithium Reserve Ce l l  Storage Capacity 
R. J .  Horning : Honeywell 
November 1976 (AB-0026 676 L) 
Higher Energy Density Lithium Reserve Battery 
R. J. Horniilg : Honeywell 
September 1976 (AD-BQ29 986L) 
Determination of the State of Discharge of LithiuPrOrganic 
ElectrolytelGraphite-Fluoride Cells 
H. F. Hunger, et.al. : ETW Lab8 
March I976 (AD-A021 977) 
Fabrication and Testing of Lithium Reserve Power Sources in Support 
of the Ground Vehicle Dispersing Mine System 
R. J. Horning : aoneywell 
Marct. 1976 (AD-BO12 518L) 
Lithium Reserve Cell Msnuf acture and Deve lopncnt 
R. J. Homing : Honeywell 
Harch 1976 (AD-BOl3 694L) 
Lithium Thionyl Chloride Battery System 
Holleck and Turchan ' EIC Inc 
Auguat 1975 
Small L ithlum/Vanadium Pentoxide Reserve cells 
R. J. Horning : Honeyvell 
August 1975 
Lithium-Inorganic Zlectrolyte Batteries 
D. R. Cogley, et .al. 
Reports: September 1974 (AD-786 673/452), May 1974 (AD-779 477/9), 
February 1974 (AD-775 42O/3  1 
Sealed Lithium-Inorganic Electrolyte Cell 
N. Marincic : GTE Labs 
Reports: July 1974 (AD-784-072/1), Hay 1974 
Safety, Shelf-Life and Low Rate Discharge Characteristics of Organic 
Solvent Lithium Batteries 
D. L. Warburton : Naval Ordnance Labs 
April 1974 
Lithium Battery with Inorganic Electrolyte 
J. J. Auborn, et.al. 
Reports: September 1973 (AD-767 6241, July 1972 (AD-746 6331, April 
1377 (AD-741 351) 
Lithium-Inorganic Electrolyte Battery Systems 
8 .  K. Wishvender, et.al. 
April 1973 (AD--758 856) 
Lithium Bat tery  Deve lopen t  
D. E. Semones, e t . a l .  
Reports: September 1971 (AD-735 2691, June 1971 (AD-726 607) 
Advanced Electrochemical Energy Sources f o r  Space Power Systems 
E. Hollax, Astronaut: Socie ty  of Great B r i t i a n .  
R e l i a b i l i ~ y  and Space Aging Program 
Ti tan  11 Program: H i l l  A i r  Force. 
S i l v e r  Zinc Bat tery ,  A High Energy Density System 
B. Mansuetti;  Yardney E l e c t r i c  
March 1980. 
Design of Remotely Activated S i l v e r  Zinc Primary B a t t e r i e s  
A. S. B e r e h i e l l i  and R. F. Chireau: Yardney E l e c t r i c  
Januarv 1979. 
Current S t a t e  of the A r t  of Elcr trochemica1 B a t t e r i e s  from a Users 
Standpoint of View 
Wolter, G i l b e r t ,  and Leonard: McDonnel Douglas Corporation, 1978 
B a t t e l l e  I n s t i t u t e .  June 1969. 
Bat tery  and Fue 1  Ce 11 Teciino logy Surveyed 
Xrgonne Labs 
1978. 
Development of Single  Ce l l  P ro tec to r s  fo r  Sealed S i l v e r  Zinc C e l l s  
NASA Coqtrc t NAS3-19432, Lear,  Donovan, Imamura 
1976, 1977 and 1978. 
Long-Term Storage Ef fec t s  on Sealed AgZn C e l l s  
J. W. Lear,  M. S. Imamura : 28th Power Conference 
Jane 1978 
Long-Life Rechargeable AgZn Ba t t e ry ,  J .  W. Lear, 28th Pyr,er 
ponf erence,  June 1978. 
Storage R e l i a b i l i t y  of Miss i le  Mater ia l  Program, H i s s i l e  System 
Bat tery  Analysis 
J.  C ,  Mitchell :  Raytheon Co. 
January 1978 (AD-A053 410). 
P a t r i o t  X i s s i l e  Bat tery  R e l i a b i l i t y  Program. In te rna l  Yemo 
J .  V. Lear: Martin Y a r i e t t a  Corporation 
October i977. 
Preliminary Inves t iga t ion  of a Sealed,  Remotely Activated S i l v e r  
Zinc Bat tery  
C. G. Wheat: Eagle Picher 
September 1977. 
46. Impedance of S i l v e r  Oxide Zinc  C e l l s  
Frank, Long and Uchiyama: JPL 
1976. 
47. E l e z t r i c  Power S y s t e m  f a r  Space S y s t e m  
G. F. Turner: Lockheed Miss i l e  and Space 
December 1975. 
48. Charged Wet Storage Tes t  of Zinc S i l v e r  Oxzide C e l l s  
M. P. Dougherty: A i r  Force Aeroprapulsion Labs 
May 1974. 
49. E a i l u r e  Mechanisms i n  Sealed B a t t e r i e s  
McCallum and Faust: B a t t e l l e  I n s t i t u t e  
June 1969. 
50. Power System Configurat ion f o r  Extended Science Missions on Mars 
M. Swerdling; JPL 
Acgust 1968. 
51. S i l v e r  Zinc M i s s i l e  Power Supply 
R. F. Chireau: Yardney Elc c .  
October 1965. 
52. Advanced Li l th ium B a t t e r y  Technology Program Plan: Jet Propuls ion  
Laboratory,  Jane 22, 1979, Revised September 24, 1979. 
53. Interagency Advanced Power 
Group (IPAG) P r o j e c t  B r i e f s  
by F i e l d  of I n t e r e s t ,  
PIC 229.3.1/17, 
Apr i l  1980 
IPriG S t e e r i n g  Group 
Power I r format ion  Center ,  
F rank l in  Research Center ,  
Ph i l ade lph ia ,  PA 
54. Report t o  J e t  Propulsion Laboratory: LiCl Fi lm Growth Modeling on 
LiOxide Surf aces i n  Thronyl Chior ide  B t t e r i e s .  
Lithium Related P r o j e c t s  Ex t r ac t ed  from Bibliograph I tem 53. 
(P ro jec t  name, Direc ted  Agency, Performing F a c i l i t y )  
a. Primary Lithium-Thionyl Chloride-  C e l l  WPAPL, Al tus ,  
Evalua t ion ,  
b. Lithium Inorganic  E l e c t r o l y t e  Reserve WPAPL, Eagle-Picher , 
Bat t e ry ,  
c .  T\e S tudies  of the Lithium Elec t rode  i n  WPAPL, Eagle-Picher , 
Oxychloride Solvents  
d. Electrically Rechargeable Lithiwn Battery, 
e. Lithium Inorganic Electrolyte Battery, 
f ,  Investigation of the Safety of 
Lithium-Thionyl , 
g. Lithium Anode in Oxyhalide Electrolytes, 
h. Improvement of LithiarInorganic 
Electrolyte Cells, 
i. Lithium-Thionyl Chloride Battery, 
j . Analy Y is of Pressure-Producing 
Reactions, in Li/S02 Cells, 
k. Lithium-Water-Air Battery for Automotive 
Propulsion, 
1. Lithium-Air Battery Research, 
m. Lichium/Metal Sulfide Battery 
Deve 1 opent , 
n. Lithim Organic Bat teries , 
o. Hermetitoily Sealed Lithium Batteries, 
























p .  Packaging of Lithium Reserve Power Supplies, WL, Internal, 
q. Rechargeable Lithium Systems, ERADCOM, Internal, 
r ,  Lithium Reserm Battery for Mines, m c ,  Honeywell, 
3.3 M a t e r i a l  Technology 
3.3.1 Ma te r i a l s  Technology Devclopnent Requirements - Proper  m a t e r i a l  
s e l e c t i o n  f o r  t h e  T i t a n  Probe depends on a combination of des ign  
requirements  and environment. The miss ion  d r i v e r s  f o r  t he  T i t a n  Probe 
a r e  i d e n t i f i e d  as:  
o  10 yea r s  i n  space vacwm; 
o  Contamination l e v e l  l i m i t s ;  
o  70°K T i t a n  s u r f a c e  temperature;  
o Weight c o n s t r a i n t s .  
3.3.1.1 Space Vacuum E f f e c t s  - Nonmetallic m a t e r i a l s  a r e  g e n e r a l l y  
-
recognized a s  be ing  s u s c e p t i b l e  to changes i n  t h e i r  f u n c t i o n a l  p r o p e r t i e s  
due t o  t he  long term vacuum exposure. N o m e t a l l i c  m a t e r i a l s  inc lude  
s e a l a n t s ,  p o t t i n g  compounds, l u b r i c a n t s ,  p a i n t s  and f i n i s h e s ,  i nks ,  
f i l m s ,  f a b r i c s ,  encapsu lan t s ,  e l a s tomers ,  s t r u c t u r a l  p l a s t i c s ,  
composi tes ,  a b l a t i v e s ,  adhes ives ,  s e a l s ,  ga ske t  m a t e r i a l s ,  and e l e c t r i c a l  
and thermal i n s u l a t i o n s .  Changes i n  f u n c t i o n a l  p r ~ p e r t i e s  of t he se  
nonmeta l l ics  a r e  due to  t h e  l o s s  o f  p l a s t i c i z e r s ,  b inde r s ,  polymerizing 
agen t s ,  and c a t a l y s t s  when exposed to  vacuum. This  phenomenoq is def ined  
a s  ou tgas s ing .  Weight l o s s  due to  ou tgas s ing  is a func t ion  of 
temperature and exposure time. 
Degradation i n  c r i t i c a l  de s ign  p r o p e r t i e s  o r  weight  l o s s  i n  any 
m a t e r i a l ,  even i f  slow a t  normal o p e r a t i n g  cond i t i ons ,  can e v e n t u a l l y  
lead t o  f a i l u r e .  Therefore ,  t h e  10-year miss ion  l i f e  p r e s e n t s  a  major 
concern f o r  proper  m a i e r i a l  s e l e c t i o n .  Real-time t e s t s  of m a t e r i a l s  t h a t  
may be used i n  a  system can be imprac t i ca l  and expansive.  I f  short- t ime 
t e s t s  can be used to  p r e d i c t  f u t u r e  chemical and mechanical  behav io r ,  
t he se  t e s t s  could become s s i g n i f i c a n t  t o o l ,  t hus ,  zons iderablv  enhancing 
mission success .  A n a l y t i c a l  techniques and a c c e l e r a t e d  t e s t  methods, 
p r e d i c t i n g  long-cenn space vacuum e f f e c t s  (Bib l iography I tem 3 ) ,  have not 
been used with confidence because t h e i r  v a l i d i t y  has not  been v e r i f i e d  by 
comparison wi th  long-term, rea l - t ime t e s t  da t a .  
A- d e f i n i t e  r e l a t i o n s h i p  e x i s t s  between chemical changes and physical  
p roper t i e s  ( ~ i b l i o g r a p h y  Item 4 ,5 ,6 ) .  I f  sys temat ica l ly  inves t iga ted ,  
the r e l a t i o n s h i p  could be formulated and a r a t i o n a l  accelera ted  t e s t  
developed. From t h i s ,  the eventual  changes i n  mechanical p roper t i e s  
could be predicted a t  any temperature by simply carrying out a 
Thermogravimetric Analysis  (TGA) t e s t .  TGA i s  the continuous weighing of 
a sample while it i s  being heated a t  a  f ixed heat ing r a t e  1O0~/min. 
During t h i s  process the  sample continuously loses  weight. The TGA da ta  
a re  t y p i c a l l y  presented i n  graphical  form a s  shown i n  Figure 3-4, g iv ing 
weight loss  versus temperature. A second curve having ten times the  
s e n s i t i v i t y  of the standard TGA curve i s  used t o  give an accurate  d i sp lay  
of the  f i r s t  10% l o s s  of weight. This w i l l  give d e t a i l s  of the  e a r l y  
por t ion of the decomposition, whi-ch may be of importance i n  determining 
low temperature degassing, water absorpt ion,  e t c .  The time f o r  a c e r t a i n  
percent weight loss  a t  a given temperature can be ca lcu la ted  from TGA 
- use 0-104 s c a l e  use full scale- 
- 
Temperature, 0 K 
Figure 3-4 Thermogravimetric Analysis, in Vacuum, for Dacron Tape 
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Residual Gas Analysis (RGA) is a technique, using mass spectrometry, 
which qualitativelv characterizes the volatile products as they are 
generated during the TGA test. When a volatilized molecule enters the 
ionization chamber of a mass spectrometer it is impacted by energetic 
(70-ev) electrons. The molecule itl thereby fragmented into its 
characteristic mass spectrum, which is characterized by the mass-charge 
ratios and intensities. 
Experiments were performed during the Viking Lander material 
evaluation (Bibiography item 1) data program, and the Table 3-2 is shown 
weight loss data for daczon fiber tape, at various temperatures in 
vacuum. The time for 1X weight loas were calculated from the TGA curves 
presented in Figure 3.4. 
Table 3-2 Dacron Fatric Tape 1% Weight Loss Time 
Temperature 
323'%( 50°c 
Time in Hours 
9388.8 
The 1 Z weight loss time was adopted as Viking materials 
accept/ rej ect criteria. Degradation in lap shear strength for f i:m 
adhesive 9T435 sfter thermal vacuum exposure is shown in Table 3-3. This 
tabte is a typical example of the effects of outgassing on che functional 
properti es (Bibliography Item 2 1 ,  where approximately 30 percent 
reduction in lap shear strength is experienced after 7 months of thermal 
vacuum exposure. 
TABLE 3-3 Lap Shear Strength (ASTM Dl0021 For Film Adhesive HT 435 
Ultimate Strength 
Pa x 10'~ 
Exposure High Low Average 
Base line 1.66 1.54 1.63 
Heat Compatibility (1) 1.63 1.50 1.61 
Heat Compatibility, 
1 Month Thermal Vacuum 
(1) ( 2 )  
Heat Compatibility, 
3 Months Thermal 
Vacuum ( ; I  (3) 
Heat Compatibility, 
7 Months Thermal 
Vacuum ( i )  ( 4 )  
Notes: 
-
(1) Heat compatioility - 379 hours at lt080K (1350~0 in ~2 
atmosphere. 
( 3 )  Same as Note (2!, except exposure is 90 days. 
(41 Same as Note (21, except exposure is 210 days. 
3.3.1.2 Contamination level - Some of the decomposition (outgassing) 
prdducts may lead to the contamination of optical surfaces or the gases 
may condense and contaminate samples of other scientific instruments. 
Such a decomposition product is defined as a Volatile Condensib le 
Material ( V a l  and identified in NASA doc.aent JSC-08962, List of VCX 
Materials based on short-tam tests. To determine if the outgassing 
products from a material are condensible a small sample is placed in a 
vacuum furnace and the temperature is raised. The furnance is sealed 
except for a small orifice above which cooled Quartz Crystal 
Microbalarxe (QCXBI is located. The QCZ.IB contains a goldplated quartz 
substrate cooled to 148OK. When the outgassing products condense, the 
condensation rate is monitored continuous?.y until a constant deposition 
rate is established. 
For the Viking Lander, an outgassing rate of 1x102 ' 4  per day was 
regarded as the maximum allowed. Materials showing an outgassing rate 
greater than lxlo-' X per day were not used. Acceptance criteria for 
the Titan Probe will have to be developed far each material as well as 
the total allowable contaminaticn level for the probe. 
3.3.1.3 Low Temperature - The surface temperature of Titan is estimated 
to be as low as 70"~. Most materials become brittle when exposed to 
such low temperatures. The major concern will be the drill bit material 
used in the surface sampling system. Figure 3-5 shows the degradation in 
impact strength as a function of decreasing temperature for a cornonly 
used tool steel, H-11 (Bibliography Item 7 ) .  
It is anticipated that surface sample acquisition may require 
drilling hard rocks. The hardness of the rocks has not been 
established. The drill bit material has. to be hard enough to drill these 
rocks and be sufficiently tough to withstand the drilling impact. 
- 
Yacuurn Me1 ted 
Temperature OF 
Figure 3-5 Impact Strength of H-ll ( 5 %  Cr) Steel Bars 
Conmonly used tool steels or carbides are not recomnended for 
cryogenic applications due t o  their brittleness. Diamond impregnated 
tools have been investigated for lunar and Mars drilling operations; 
however, their applicability at 7 0 O ~  for hard rock drilling was not 
evaluated. Sane of the high strength steels such as 11-6-9, ~ 2 8 6 ,  or 181 
Ni Naraging may have the required hardness and toughness for drilling on 
Titan but will have to be verified by simulated hard rock drilling tests. 
Recent developments in ion implantation processes (Bibliography Item 
8 . 0 )  can be used t o  improve the surface characteristics of cmnonly 
available tough materials. Ion implantation is a process whereby ions of 
a particular metal, such as chromium, can be implanted into the surface 
of a low alloy steel. The implanted surfaces have improved hardness and 
wear properties while the softer core of parent material provides greater 
toughness. Ion implanted law alloy steels capable of withstanding 
cryogenic environments could be ideal for the drill bit material. 
3.3.1.4 Weight Constraints - It is desirable to make the Titan Probe as 
lightweight as porsible within the design requirements. One way is to 
use lightweight materials such ae metal matrix composites (MMCs). MMCs 
are fiber or particulate reinforced metallic structures, such as, 
graphite/aluminum (GrIAi), graphitelmagnesium (Gr/Mg) and Silicon 
carbide/aluminum (SiCIA1). Recent Air Farce (Bibliography Item 10-13) 
studies have determined MMCs to be ideal material f o r  space 
applications. They are stable in vacuum and possess high 
stiffness-to-weight ratios. Advantages of XMCs over organic matrix 
composites are listed in Table 3-4. A sumnary of a study (Bibliography 
Item lo), performed by Rockwell/Air Force on the P80-1 spacecraft, is 
presented ia Table 3-5. The various components fabricated as 
conventional metallic structures, organic matrix composites and metal 
matrix composites were evaluated. The table shows that the MMCs offered 
the maximum weight savings and can be used to reduce the structural 
weight by as much as UX. 
3 . 3 . 2  Materials Techno logy Status - Literature searches were conducted 
-
through the Defense Technical Information Center and NASA literature 
search systems. In addition, various government agencies and private 
industries involved in similar studies were also contacted. A 
qualatative sunmary of results of this search are listed in Table 3-6. 
Each item was given a rating of 1, 2 or 3 depending on the data 
availabil itv. 
TABLE 3-4 Advantages of Metal Matrix Composites Over 
Organic Matrix Composites 
1. High specific strength, stiffness and shear strength; improved 
transverse properties, higher strength-to-weight ratio. 
2. Higher impact resistance, resistance to FOD. 
3. Resirtance to compresrive buckling and Of f-Axis Loading. 
4 .  Resistance to Fatigue Spectrum Loading. 
5. Higher inter laminar strength. 
6. Righer thermal and electrical conductivity. 
7. Low thermal expansion coefficient in fiber direction (near zero for 
Gr/Mg); dimensional stability over wide range of temperature. 
8 .  High and low temperature capability ( 6 0 0 0 ~  to -3000F). 
9. No moisture absorption. 
10. No outgassing (freedom from contamination in vacuum). 
11. Resistance to thermal cycling. 
12. Resistance to laser, radiation and lightning damage. 
13. Environmental resistance, impermeable to gases. 
14. Erosion resistance. 
15. Can be used in oxygen atmosphere. 
14.  Packing efficiency for Space Transport System. 
17. Sheet metal fabrication technology applicable - joining, forming, 
machining, etc. 
TABLE 3-5 *She 11 Weight Comparison P80- 1 S p a c e c r a f t  
1 Metal Matr ix 
S i l i c o n  Carbide 
A lurninum 
REGION GR/MG SIC/& 
Motor Support 22.23 12.61 11.52 14.70 
Cone 
Of S Support Cone 31.30 18 .05 16.06 19.69 
Cyl inder  6.44 4.04 3.86 4.72 
Motor Support Cone 3.00 1.81 1.72 2.27 
Spacec ra f t  Thrus t  16.05 9.98 8.98 11.70 
Cyl inder  
X Reduction 0 38 44 2 7 
* Weight i n  ki lograms 
Data Ex t r ac t ed  from Table 9 ,  AFML-TR-78-38, Rockwell I n t e r n a t i o n a l .  
Table 3-6 Results  of Data Base L i t e r a t u r e  Search 
Parameter Rating* 
1. Space Vacuum E f f e c t s  on Non-Metallics 
a.  Short  Term (Less than 2 Years) 
b. Long Term (Greater  than 2 Years) 
2. Contamination - Outgaesing Rate 3 
3. Cyrogenic Application 
a. Drill B i t  Mater ia l  
b. Sealants ,  Gaskets 
4. Metal Matrix Composites (Gr/Al, Gr/Mg, s ; C / A ~ )  
a. Hechanical P roper t i e s  1 
b. Vacuum Ef fec t s  2 
c. Forming, Joining 2 
d. Non Dest ruct ive  Inves t iga t ion  Techniques 2 
e .  Space Application Studies  I 
* 1 = Sign i f i can t  data  ava i l ab le ;  only v e r i f i c a t i o n  of the e x i s t i n g  
data  rcqui red. 
* 2 * Limited data  ava i l ab le ;  some development work is required.  
* 3 * Technology gap; extensive  development work i s  needed. 
These ratings are strictly judgemencal, bared on the number of 
pertinent documents received and their direct application with the Titan 
Probe materials technology requirements. The current activities in each 
area were given major consideration. Details of the status assessment 
for each materials araa are discusred separately in following sections. 
3.3.2.1 Space Vacuum Effects - Forty-three document descriptors and 
abstracts were received and reviewed; only ten of these documents 
(~ibliography Items 1, 2, 14-21 discussed materials applications in 
vacuum to any extent. Only one document, "Non-Metallic Handbook'' 
(Bibliography Item 1) has systematically evaluhted material properties 
for space appiications. 
3.3.2.1.1 Nonmetallic Properties Data - The "Nonmetallic Handbook" was 
prepared by Martin Marietta Corporation for NASA-LRC on the Viking 
Project. Baseline values of the critical design properties for over 300 
nonmetallic materials were evaluated and additional samples were then 
subjected to thermal-vacuum expoaures ranging from 1 to 1& months. 
Property derenuinations were made, in situ, for some materials at 
intervals of 1, 3, 6 or 10 months to determine the influence of thermal 
vacuum on the performance of each material. During the course of the 
program, changes in technical direction eliminated or modified same 
qualificati.on tests, therefore, r,ot all materiaLs reported had the same 
property tested or same thermal-vacuum exposure time. All information 
presented contained thennochemical data s5owing degradation as a function 
of temperature from room temperature through 5 0 0 ' ~ .  These data include 
activation energies for thermal degradation, rate constants, and exo- 
and/or endo-thenns. Also included were results of thennal degradation 
speccral data taken simultaneously during decomposition. Xanv materials 
also have daca on condensation rates of decomposition products and 
isothermal weight losses. 
3.3.2.1.2 Current Ac t iv i ty  - A t  the conclusion of the  Viking mater ia l  
q u a l i f i c a t i o n  program, many samples of nonmetallic m a t e r i a l s  were l e f t  in 
the thermal-vacuum exposure con ta i&ers .  Present  ly  Mart i n  Meriet ta 
Corporation i s  under con t rac t  t o  NASA-MSFC (Contract  No. NAS8-33578) t o  
t e s t  some of these  mate r i a l s  i n  vacuum a8 shown i n  Table 3-7. The type 
of t e s t s  being performed a r e  shown i n  Table 3-8 
Current a c t i v i t i e s  regarding space vacuum e f f e c t s  on the lubr ican t s  
a r e  discussed i n  the following sect ion.  
3.3.2.1.3 Analyt ica l  Techniques - An e f f o r t  was made (Bibliography Item 
5 )  t o  predic t  the degradation k i n e t i c s  of polymer systems a t  moderate 
temperatures from high-temperature TGA measurements. A t  moaerate or  low 
temperatures, thermal degradation of a polymer might be very slo-6; even 
so,  it could s t i l l  lead to  fai1,rre. A t  h i gh  temperaturcs the degradt t ion 
k i n e t i c s  a re  rapid  and can be studLed i n  as shor t  a time as 1 hour .y TCA 
techniques. The TGA r e s u l t s  a:-e then ext rapola ted  to  much lower 
temperatures. To obcaiu thermal degradatinn (as measured by weighs l o s s )  
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Table 3-8 Test  Categories 
- 
Mechanical E l e c t r i c a l  Opt ica l  
Compression Strength  D i e l e c t r i c  St rength  Absorptance 
Compression Set  D i e l e c t r i c  Constant Emit t ance 
Tension R e s i s t i v i t y  
Flexure Insu la t ion  Resistance 
Bend Strength  Surface and Volume 
Tear St rength  R e s i s t i v i t y  
1800 Peel  St rength  
Adhesion 
Abrasion 
Dimensional S t a b i l i t y  
where: 5 i s  the r a t e  constant  a t  temperature T 
dx/dt  is the  r a t e  of weight loss ,  
x i s  the weight l o s s ,  
a. is the i n i t i a l  amount of the "act ive  component". 
The ac t ive  component i s  the  por t ion of the o r i g i n a l  weight t h a t  
p a r t i c i p a t e s  i n  decomposition. 
TGA d a t a  is used to  experimentally determine dx/dt ,  x and ao. The 
r a t e  constant  i s  niven by the  Arrhenius r e l a t i o n s h i p  
-3  E -1 K = A e ~ p ( ~ )  time 
where: X i s  a  constant ,  
R ;s the universa l  gas constant ,  
T is the absolute  temperature, 
E i s  the a c t i v a t i o n  energy of the decomposition process. 
Rate constants  can be Irtermined experimentally a t  s evera l  
temperatures. The slope of the Arrhenius p lot  of K vs. ZIT w i l l  y i e l d  
t h e  ac t iva t ion  snergy. 
To c a l c u l a t e  the time to  obta in  x, the  weight l o s s ,  a t  a given 
temperature, equation ( 1 )  i s  in tegra ted to  y ie ld  
where: t is t h e .  
Rewritiqg equation ( 3 )  gives  the f r a c t i o n  of a. remaining a f t e r  
time, t .  
Therefore: 
Z weight loss  = 1 -e'Kt x 100% ( 4 )  
TGA data  r e s u l t s  in  remarkably accurate  p red ic t ions  using the  above 
technique. Eowever , not enough data  points f o r  low temperature 
isothermal decomposition were taken. To have confidence i n  the above 
a n a l y t i c a i  technique more expei-imental d a t a  points  a r e  required.  Once 
the technique i s  properly developed, accelera ted  t e s t  methods as  a 
function of temperatdre and sample weight could a l s o  be devised. 
A t  present  Xar t in  Marie t ta  i s  applying the above technique i n  the  
work being performed under NASA Contract NASS-33578. However, t h i s  data  
w i l l  not be completely e f f e c t i v e  f o r  T i t a n  Probe use s ince  per iodic  t i n e  
i n t e r v a l s  of data  a re  not being made; ins tead only the h g i n n i n g  and end 
points w i l l  be tes ted .  
3.3.2.1.4 Hechanical ? t o p e r t i e s  - Thermal Degradation Rela t ionship  - L t  
has been es tab l i shed  from un iax ia l  tension and creep-to-fai lure s tud ies  
tha t  time and temperature dependence of the s t r eng th  of polymer i n  a i r  
can ? expresbed by 
u - 7 6  
0 
t - to exp ( KT 1 
where : 
t i s  time t o  f a i l u r e ,  
T i s  the  absolute  temperature, 
Uo is the a c t i v a t i o n  energy i n  the absence of s t r e s s ,  
7 ,  6 , to, end K a r e  constants .  
Whether the same time and temperature dependence is va l id  i n  a 
thermal-vacuum envirarnnent i s  open t o  debate (Bibliography I terns 4,5). 
Bartenev and Zuver s t a t e  t h a t  the  time dependence of the  s t rength  of 
these mate r i a l s  under vacuum and a i r  i s  the same. Papazian, however, 
dms not th ink  so. I n  a thermal-vacu*m environment the  a c t i v a t i o n  
becomes independent of the wark done on the system. This 
nonstress-dependent a c t i v a t i o n  energy was found to  be very near t h e  
a c t i v a t i o n  energy of thermal decomposition i n  vacuum. 
These r e s u l t s  suggest the re  may be a c o r r e l a t i o n  between thermal 
degradation and mechanical p roper t i e s  , A systematic experimental and 
a n a l y t i c a l  inves t iga t ion  i s  required to formulate the proper 
r e l a t i o n s  hip. 
A t  present ,  no work is being performed t o  c o r r e l a t e  the thermal 
degradation and mechanical p roper t i e s  i n  thermal-vacuum. 
3 . 3 . 2 . 2  Lubricants - Lubricants f o r  space app l i ca t ions  have been the 
sub jec t  of research and developnent f o r  many years.  Approximately 45 
documents r e la ted  to  t h i s  sub jec t  were received from the l i t e r a t u r e  
search and screened on the  b a s i s  of a b s t r a c t s .  Thir teen documents 
(Bibliography items 22-34) were re levant  t o  the app l i ca t ion  requirements 
of  T i t an  Probe. Even though extensive  research has been conducted the re  
is ao data  ava i l ab le  regarding long term i n  a f f e c t s  space vacuum. 
Currently,  NASA-MSFC is conducting a study e n t i t l e d  "An Evaluation 
of Grease Type Bal l  Bearing Lubricants Operating i n  Various 
Environments", wherein 33 lubr ican t s  were evaluated i n  f ive  d i f f e r e n t  
environments f o r  a 1 year period. The evaluation t e s t s  included 
hours-to-failure, or  1 year maximum, and percent weight Loss i n  vacuum. 
Results  of the vacuum tescs  a re  presented i n  Table 3-9. Based on these 
r e s u l t s  four lubr ican t s ;  PFPE-I, PFPE-2, H-3 and Si-2; were se lec ted  f o r  
fu r the r  evaluat ion i n  vacuum f o r  a period of f i v e  years. The conclusion 
of the  study was, ". . . as  a vhole,  the chemical c l a s s  PFPE 
(PerfZuoroalkyl polyether)  has given the bes t  performance i n  a l l  the 
vacuum t e s t s  completed to  date." 
Table 3-9 Resliits of Lubricants i n  Vacuum Tests at 38O~ 
Lubricant 1 2 3 4 Average 1 2 3 4 Average 
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* Or to end of t e s t  (1 year = 8760 h r ) .  
* Percent of Weight l o s s  of to ta l  weight of grease added to the 
two bearings o f  each motor ( so tor  Nos. 1 through 4 ) .  
t Drive motor f a i l e d .  
Based on the  NASA-MSFC s t u d i e s ,  it i s  recoamended that PFPE-2, which 
i s  manufactured by Bray O i l  Company under the des ignat ion of 3L-38RP, be 
evaluated f o r  T i t a n  Probe app l i ca t ions .  
Mart i n  Marie t ta  Corportion evaluated Apiezon 3 ,  Dow Corning C-6-1103 
and graphi te  lubr ican t s  f o r  t h e  Viking lander program. Apiezon H i s  a 
hydrocarbon type lubr ican t  and Dow Corning C-6-1103 is a si l icon-based 
compound t r ea ted  t o  reduce v o l a t i l e  content .  
Apiezon C has been extensively  evaluated by Aerospace Corporation 
(Bibliography Items 26,27) f o r  space app l i ca t ion  s tored i n  Nglasint  o r  
micro-well r e se rvo i r s .  I t  i s  not c e r t a i n  a t  t h i s  s tage  t h a t  a lubr ican t  
r e se rvo i r  system, which can continuously supply the  required lubr ican t  
over a long period; i s  necessary f o r  T i t an  Probe app l i ca t ions .  However, 
i f  no s a t i s f a c t o r y  lubr ican t  i s  found, the  rese rvo i r  technique could 
provide a s u i t a b l e  system. 
Bal l  Brothers Research Corporation (Bibliography Item 23) has 
developed both l iquid  and d ry  Lubricants f o r  space applici  :ions including 
a l l  the NASA Orbi t ing Solar  Observatories (OSO).  GSO-5 performed f o r  6 
pears ,  Liquid VAC-ROTE 36194 and 37981 were used or a r i t i s h  project  
SKYNET ' A '  which l a s t ed  f o r  9.4 years.  Although VAC-KOTE l u b r i c a n t s  have 
been used success fu l ly  f o r  space programs t h e i r  percent weight l o s s  i n  
vacuum as  a funct ion of time and v o l a t i l e  ma te r i a l s  content  have not been 
defined. Ba l l  Brsthers has a continuing in-house program t o  evaluare  
VAC-KOTE lubr ican t s  fo r  long-term space app l i ca t ions .  
Har t in  Marie t ta  Corporation used graphi te  lubr ican t s  N-366 and N-367 
on the Viking project  (Bibliography 1 t e z  3 7 )  f o r  the Gas Chromatograph 
!-lass Spectrometst ( G W )  sc ience  instruments. The svstem had s t r ingen t  
contamination requirements, and could not t o l e r a t e  e i t h e r  organic 
mate r i a l s  or uolybdenum d i s u l f  ide (M0S2) dry film lubr ican t s  c;aphite 
i s  an inert, nov-outgassing mate r i a l  t h a t  performed s a t i s f a c t o r i l y  f cr 
the Viking GC?G system. 
f n s m a r y  , there are continuing research and developent activities 
in the field of lubrication technology as applied to spacecraft. There 
is a need; however, for a systematic investigation to accurately 
characterize the lo-year space vacuum effects on the lubricants and 
component performances and to define and analyze the percent weight loss 
as a function of time, decomposition products, volatile condanrible 
materials and contamination hazards. 
The following lubricants are recommended for evaluation: 
o Liquid Lubricants 
1. PFPE-3 (3t-38-RP) 
2. Apiezon C and H 
3. VAC-KOTE 
4. C-6-1103 
o Prv Lubricants 
1. VAC-KOTE 
2. Graphites (N-366, N-367) 
3.3 . ? .3  Drill Bit tlaterial - The literature search produced 173 
documents related to the subj~t of rock drilling. Fourteen documents 
(Bibliographv Items 38-50) were critically reviewed. There were various 
mateials used in these studies including gem and industrial quality 
diamond bits (Bibliography Item 39) for lunar drilling. Tungsten, cobalt 
and molybdenum tool steels have been evaluated for pennafros t drillings . 
Austenitic manganese steels have also been used for cryogenic 
applications. There is a wide variety of proven materials available: 
however, evaluation of these materials will require an estimate of the 
hardness of the Titan rocks. 
No work is preseutly being performed that can be directly used 
for the Titan Probe drill bit, The present work on ion implantation to 
improve bit surface hardness and wear properties is directed toward 
ambient or elevated temperature applications. Their suitability at 
TOOK will have to be evaluated. 
3.3.2.4 Metal Matrix Composites - The key terms used for this literature 
search were ~luminum Matrix Composites, Metal Matrix Composites and 
Titanium Matrix Composites . Descriptors for 124 documents were received 
and studied. Eleven documents (Bibliography Items 10-13, 51-57) were 
critically reviewed. 
Currently there are many on-going activities to evaluate Metal 
Xatrix Composites (MMC) in spacecraft applications. One of the studies, 
"Development of GraphiteIMetal Advanced Composites for Spacecraft 
Applications" (Bibliography I tern 13) is being perforned by Lockheed 
Nissiles and Space Company under Air Force Contract F33615-78-C-5235. 
The study consists of material developent work, data generation, 
preliminary design, design developnent, fabricatcon technique developemnt 
and component/subcomponent resting necessary to establish firm 
perfcnnance predictions for graphitelmagnesium and graphite/aluminum 
metal matrix composite spacecraft components. 
Rockwell International Corporation has recently concluded a study, 
"Satellite Applications of Metal Matrix Composites" (Bibliography Item 
10) for the Air Force. Various components were considered from space 
programs such as; the P80-1 spacecraft, the Global Positioning System 
Satellite, the ADOPT Satellit? System, and the HALO Vehicle System. In 
most cases X4Cs were proven to be the best materials choice. (The 
results on the P80-1 spacecraft study are presented in Table 3-5. ) 
Hughes Aircraft Company (Bibliography Item 12) evaluated physical 
properties, availability, cost and workability of various YMCs. Finally, 
three components, a Syncom IV satellite equipent mountin3 shelf. a 
D-band planar array antenna and a telescope mirror were fabriated from 
MMC and critically tested. The study showed that MMC provides 
~ignificant advantages over conventional construction materials for 
selected satellite components. 
The literature search concluded that significant mechanical 
properties data are available; however, not enough data are available 
regarding long-term vacuum effects, contamination, fabrication technology 
and nondestructive inspection techniques. 
Materials Technology Developmsnt Plan 
3 . 3 . 3 . 1  Nonmetallic Materials - Nonmetallic materials currently being 
evaluated by Mart in Marietta Corporation for NASA-HSFC will provide a 
base for Titan Probe materials technology developnent plan for the 
nonmetallic materials (excluding lubricants). The nonmetallic materials 
include; sealants, potting compounds, paints and finishes, inks, films, 
fabrics, encapsulants, elastomers, structural plastics, ablatives, 
ad. esives, electrical and thermal insulations. 
The objective of this part of the plan Cs to establish the 
degradation in critical design prc 0.1 ;ies when exposed to space vacuum 
for 10 years. Vacuum effects will be studied by established techniques 
of Thennogravimetric Analysis (TGA) , Residual Gas Analysis (RGA) and 
Quartz Crystal Microbelance (QCMB) . 
The steps required to carry out the proposed plan involve: 
o Selection of candidate materials; 
o Determination of isothermal weight loss in vacuum for che 
selected materials; 
o Determination of outgassing rate and contamination 
characteristics; 
o Evaluation of long-term space vacuum effects on critical design 
properties. 
o Developncnt of analytical techniques to predict long-term 
effects based on short-term experimental data. 
o Formulation of relationship between chemical changes and physical 
properties. 
The determination of acceptance criteria for the contamination level 
of the Titan Probe materials will involve the following: 
o Determination of condensible degassing rates. 
o Estimation of contamination levels from the condensible 
degassing rates. 
o Prediction of long-term outgassing behaviour from short-term 
experimental data. 
The critical material properties to be tested, along with the 
required conditioning and environments, are listed in Table 3-10. 
Implementation of this long term effects plan for nonmetallic 
aaterials will take at least 3 years to complete. The rough order of 
magnitude cost is estimated to be $250 thousand. 
3.3.3.2 Lubricants - The technology developnent plan for lubricants will 
be perfomrd using the same steps described for nonmetallic materials. 
The critical properties to be evaluated are shown in Table 3-11. The 
sost important test in +-his evaluation process is the assembly rest. 
Assemblies simulating Ti.tan Probe applications are tested in vacuum and 
hdurs-to-failure, or maximum life will be recorded. 
The recomnended plan tor lubricants will take at least 3.; years and 














































































































































































































































































































































































































Table 3-11 Lubricating Materials - Test Matrix 
Test Evnirorrment 
Test Ident i f icat ion Ambient Thermal V-cuum 
I .  Mechanical Properties 
0 Compressive Strength 
c Creep (Stress Re l i e f )  
o Coefficient of Frict ion 
11. Chemicai Characterization 
o Zsothermal Weight Loss 
o TGA, RGA, 
o Corrosion Charasteristics 
111. Themal Properties 
o 'I aennal Coaductivity 
o Coefficient 3f Thermal 
ixpans ion 
o Specif:c Heat 
LV. Assembly Test X X 
3.3.3.3 D r i l l  B i t  Ma te r i a l  - The o b j e c t i v e  of t h i s  technology 
d e v e l o p e n t  plan is  t o  f i n d  m a t e r i a l  s u i t a b l e  f o r  hard rock d r i l l i n g  a t  
TOOK. ' The s t e p s  t o  accomplish the  o b j e c t i v e s  a re :  
o S e l e c t i o n  of candida te  m a t e r i a l s .  
o Evalua t ion  of impact s t r e n g t h  and hardness a t  ambient and 7 0 ' ~  
temperatures.  
Simulat ion t e s t  a f  rock d r i l l i n g  a t  70°K. 
The impact s t r e n g t h  and hardness of t h e  candida te  m a t e r i a l  w i l l  be 
determined a t  70'~. The success fu l  m a t e r i a l s  w i l l  then  be t e s t e d  by 
s imula t ing  the  a c t u a l  rock d r i l l i n g  ope ra t ion .  Table  3-12 s h o w  the  t e s t  
parameters and environments f o r  each t e s t  t h a t  is requi red .  
TABLE 3-12 Sampler D r i l l  B i t  Ma te r i a l  - T e s t  Matr ix  
T e s t  Environment 
- 
T i t a n  
Tes t  I d e n t i f i c a t i o n  Ambient 7 0 0 ~  Environment 
-- - - 
Impact S t r e n g t h  
Hardness X X X 
S imulated Rock 
r ; i l l i n g  Tes t  
This  technology d e v e l o p e n t  of the d r i l l  m a t e r i a l  w i l l  t ake  
approximately 1.5 years  t o  complete and should be cmp1.eted i n  time t o  
s t a r t  t h e  Sample D r i l l  Technology plan descr ibed  in t h e  Sample Acquit ion 
s e c t i o n .  The tough order  of magnitude c o s t  is es t imated  a t  $90 thousand. 
3.3.3.4 Metal Matr ix Composires - A s  d i s cus sed  e a r l i e r ,  mechanical 
p r o p e r t i e s  d a t a  f o r  the  s e l e c t e d  MMCs ( i . e ,  graphite/magnesium, 
graphite/aluminum and s i l i c o n  carbide/aluminum) is very  wel l  
e s t a b l i s h e d .  The primary o b j e c t i v e  of t h i s  plan is  t o  f u l l y  e v a l u a t e  the 
vacuwn s t a b i l i t y  and o t h e r  T i t a n  Probe a p p l i c a t i o n  r e l a t e d  p r o p e r t i e s .  
The i tems r equ i r ed  t o  arcomplish t h i s  knowledge development a r e  t he  same 
a s  l i s t e d  f o r  t h e  nonmeta l l ic  m a t e r i a l s .  The c r i t i c a l  m a t e r i a l  
p r o p e r t i e s  t o  be ' s s t e d ,  a s  w e l l  a s  t he  and t e s t  environments ,  a r e  
presented  i n  Table  3-13. 
The me'-a1 ma t r ix  composites development, f o r  T i t a n  Probe a p p l i c a t i o n  
w i l l  t x e  approximately 3.5 yea r s  t o  complete and t h e  rough order  of 
magnitude cos t  is es t imated  a t  $200 thousand. 
Table  3-13 T e s t  Mat r ix  For  Metal Mat r ix  Composites 
T e s t  Environment 
Thermal- Heat 
T e s t  I d s n t  i f  Lcat ion Ambient Vacuum S t e r i l i z a t i o n  
T e n s i l e  S t r e n g t h  & Modulus X X X 
Compr~ss ive  S t r eng th  & Hodulus X X X 
FLaxt- re S t r e n g t h  & Modulus X X X 
Bearing S t r eng th  & Modulus 
I n t e r  Laminar Shear  X X X 
Thermal Conduct iv i ty  X X X 
Coe f f i c i en t  of Thermal 
Expans ion  
Solvent  Compa t ib i l i t y  X X X 
Ckemicai C h a r a c t e r i z a t i o n  
a )  TGA, RGA, i n  Vacuum 
1 I s o t h e m - 1  Weight 
E m i t  tancrl X 
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3.4 Magnetic Bubble Memories (MBM) 
3.4.1 MBM Technology Development Required - The previous Pre-Phase A 
f s a s i b i l i t y  study traded-off the var ious  s torage devices and determined 
the MBM a s  the v iab le  device f o r  the T i t an  Probe mission. The 
requirements f o r  data  s torage were i d e n t i f i e d  as:  
o  1 x lo6 B i t s  - Class B Probe 
o  14 x lo6 Bi t s  - Class C Probe 
Trsaeoif  s tud ies  show t h a t  the  NBM (compared to the tape recorder 'Lype 
s torage devices) have a  g rea te r  p o t e n t i a l  of surviving f o r  10 years i n  
space. Tape recorders have mechanical moving p a r t s  which make them 
suscep t ib le  to  long- l i fe  problems, as  well  as  wearout. The MBMs, i n  
comparison to so l id  s t a t e  devices,  are  preferable  s ince  t h e i r  memory i s  
2 nonvola t i le ,  whereas the CXOS and I L devices need power to  maintain 
t h e i r  memory. 
The mission condit ions to  be assessed f o r  the Ti tan  Probe are :  
o  Ion iza t ion  r a d i a t i o n ,  
o S t e r i l i z a t i o n  temperatures, 
o  300-g shock, 
o  10-year dormant l i f e  i n  space vacuum. 
3.G.2 MBM Technology S ta tus  - MBMs a re  r e l a t i v e l y  new and no h i s t o r y  o f  
space usage i s  ava i l ab le .  The MBMs present ly  on the market a re  intended 
fo r  commerical use and a re  ava i l ab le  over the opera t ing temperature range 
of  -lCOc t o  +70°c. Maximum extension of t h i s  range i s  expected t o  
encompass -50 '~  t o  +lOoOc wi thin  the next severa l  years.  
The approach taken t o  o b t a i n  informat ion  c o n s i s t e d  of a  te lephone  
survey of  persons knowledgeable i n  the  a r e a s  of MBMs. Both s u p p l i e r s  and 
p o t e n t i a l  u s e r s  were contac ted  ( s e e  con tac t  l i s t  i n  S e c t i o n  3 .4 .4 ) .  The 
telephone survey was followed wi th  an industry-wide d a t a  search  f o r  
published papers  t h a t  could poss ib ly  con ta in  informat ion  p e r t i n e n t  t o  t h e  
above environments. 
3.4.2.1 I o n i z i n g  Radia t ion  - Telephone d i scus s ions  wi th  people 
knowledgeable i n  space r a d i a t i o n  environments and e f f e c t s  on piece p a r t s  
were conducted. Persons a t  Rome A i r  Development Center  (RADC), J e t  
Propuls ion  Labs (JPL), Rockwell I n t e r n a t i o n a l ,  and t h e  Aerospace 
Corporat ion were contac ted .  Resu l t s  of these  d i s c u s s i o n s  i nd i ca t ed  t h a t  
?fBl!s a r e  r e l a t i v e l y  i n s e n s i t i v e  t o  t he  l e v e l s  of r a d i a t i o n  normally 
encounted i n  space environments. 
NBMs w i l l  be a t  l e a s t  a s  t o l e r a n t  of space r a d i a t i o n  e n v i r o n m ~ n t ~  
s tandard  piece p a r t s  such a s  r e s i s t o r s ,  c a p a c i t o r n .  and sew 'condu- 
L i t e r a t u r e  regard ing  space rad ia t ion-hardness  of MBMs s u b s t a n t i a t e s  
t he  above r e s u l t s .  Recent i n t e r e s t  has centered  upon nuc l ea r  
r a d i a t i o n - e f f e c t s  and s u r v i v a b i l i t y .  Seve ra l  t e s t s  have been r epo r t ed  i n  
t h e  IEEE Traneac t ions  on Nuclear  Science.  One paper  (Bib l iographv I tem 
2 ) ,  "Radiat ion Tolerance of Bubble - Domain M a t e r i a l s  and Devices,"  
published i n  1973, r e p o r t s  no s i g n i f i c a n t  degrada t ion  of a  v a r i e t y  of  
magnetic f l m  t r e s  a t  r a d i a t i o n  l e v e l s  up t o  5 x lo7 r ads .  Th i s  
r a d i a t i o n  l e v e l  is approximately t h r e e  o rde r s  of magnitude h ighe r  t han  
the  l e v e l s  a n t i c i p a t e d  f o r  the  T i t a n  miss ion  and demonstrates  t h a t  MBMs 
can t o l e r a t e  the  miss ion  r a d i a t i o n  environment. 
3 - 4 . 3 . 2  S t e r i l i z a t i o n  Temperature - Assuming the  s t e r i l i z a t i o n  bake w i l l  
be s i m i l a r  t o  the Viking Lander requirement ,  a  temperature of 1 3 0 ~ ~  t c  
1 5 0 ~ ~  can be expected.  The length  of the  bake may be a s  long a s  72  
hours .  Telephone d i scus s ions  w i t h  knowledqeabie oersons provided 
i n s u f f i c i e n t  information o r  da t a  t h a t  could be used t o  eva lua t e  the  
a n t i c i p a t e d  time-remperature e f f e c t s  on MBMs. i n  g e n e r a l ,  a o s t  persons 
contacted had no i n f o m a t i o n  regard ing  the  e f f e c t s  of t he  high 
temperature bakes. Only I n t e l  R e l i a b i l i t y  Report RR-22 i nd ica t ed  t h a t  
t en  type 7110, one Megabit NBMs, were exposed eo 1 5 0 ' ~  f o r  i68 hours 
without  exper ienc ing  f a i l u r e s .  
Discuss ions  wi th  c o n t a c t s  (Bibl iography Item 16 
Ins t ruments ,  and Western E l e c t r i c  i n d i c a t e  a l -  ,hree 
the  e f f ~ c t s  of high temperature on t h e i r  u n i t s .  A l l  
scrambling of t h e  memory con ten t s  could cccur .  Also 
a t  Rockwell, Texas 
have concerns about 
i nd ica t ed  t h a t  
a l l  were conce~.ied 
a s  t o  what e f f e c t  the  temperature would have on the  permanent magnets 
used to  supply t h e  Z-field magnet iza t ion .  Concerns were expressed t h a t  
t he  l e v e l  of magnet iza t ion  would s h i f t  t o  the  pc in t  where the  memory 
funct ions  vould be a f f e c t e d  o r  k,ould not ope ra t e  r e l i a b l y .  S e t t i n g  of 
the magnetic f i e l d  p r i o r  t o  assembly is requi red  t~ assu re  r e l i a b l e  
operation. Extreme temperatures a r e  used t o  f o m  the  ga rne t  f i lm;  t he  
persons contac ted ,  t h e r e f o r e ,  prognos t ica ted  t h a t  the f i l m  w u l d  not be 
s e r i o u s l y  e f f e c t e d  o r  degraded a s  a  r e s u l t  of t he  s t e r i l i z a t i o n  bake. 
3.4.2.3 300g Shock - I n f o m a t i o n  was rece ived  from Texas Ins t ruments  and 
I n t e l  t h a t  they had performed shock t e s t i n g  on t h e i r  ?lBMs a t  300g's  and 
200g's r e s p e c t i v e l v .  No informat ion  was provided concerning the  l eng th  
of the  shock pulses  used i n  t h e  t e s t :  nor is  the  pulse  c h a r a c t e r i s t i c  f o r  
the T i t a n  Probe c l e a r l y  def ined .  Therefore ,  no d i r e c t  comparison could 
be made. Concern about t he  T i t a n  Probe shock l e v e l  on MBMs r ~ m c  f r ~ s  
t he  cons t ruc t ion  of the  packages and due t o  the permanent a-. . : %3s.1 
t h e r e i n .  The packages a r e  a  much l a r g e r  wlss than stlrndard c ~ i i i c  
p a r t s  gene ra l ly  used i n  aerospace e l e c t r o n i c s ,  and m u i d  probably r p -  
s p e c i a l  cons ide ra t ion  during packagiry design.  
Since magnetics a r e  s e n s i t i v e  t o  high l e v e l s  of shock, and the 
ope ra t ion  af BMs is very dependent on the  2-level  magnetic f i e l d ,  
concern i s  expressed regard ing  the expectpd shock l e v e l  and lack  of 
information on e x i s t i n g  MBMs. This  concerr, is only an eqglneer ing  
concern and can probably be a l l e v i a t e d  v i t h  s p e c i a l  mounting t ech iques .  
3.4.2.4 Dormancy L i f e  - No information war obtained concerning the  
performalce of KBMs a f t e r  LO years of dormant l i f e .  Hovever, i t  shquld 
be noted t h a t  the packages f o r  MBMs to  date  a re  genera l lv  moided p l a s t i c  
package. (Rockvell uses Hysol HH-19F-01). Packages reviewed ind ica te  
t h a t  the garnet  f i lm and f i e l d  c o i l s  a r e  molded together i n  a p l a s t i c  
encaprulent .  The top and botrovl of the packages are  recessed to  allow 
placement and alignment of the  permanent magnets. The e n t i r e  assembly i s  
enclosed wi thin  a magnetic shie ld .  
Review of the l a t e s t  r epor t  on d \ ' ' t b d " - ~  e t f e c t s  "Storage R e l i a b i l i t y  
of Miss i le  Material  Progann; M i s s ~ l e  Materia- R e l i a b i l i t y  P rd ic t ion  
Handbook, P a r t s  Count Predic t ion ', (E ~bl iography  Item 2), and discuesions 
with Maurice Bahan of the  Redstoae Arsenal. ind ica te  t h a t  p l a s t i c  
encapsulated semiconductors have a higher . a i l u r a  r a t e  than heremet ica l ly  
sealed u n i t s .  Concern i s  expressed f o r  MBMs s.ncc the  const ruct ion 
techniques uses t h i n  f i lm alumj.nltm conductors and wire bonding s i m i l a r  t o  
semiconductors and in tegra ted c i r c u i t s .  Those const ruct ion techniques 
could be sub jec t  to degradation due t o  absorption of moisture. Future 
e f f o r t  should be expected t o  improve the packaging technique to  ob ta in  
h e m e t  i c a l  l y  sealed :%Ms. 
3 .4 .2 .5  Current Program - Develowent of the MBM system is being worked 
8 by NASA-LRC/GSFC. Sys tem v i t h  capaci ty  of 10 b i t s  have been 
delivered by Rockwell. I n i t i a l  problem8 have been solved and a follcwup 
arogram t o  develop a system, using IBM Bubble L a t t i c e ,  with more than 
7 10 b i t s / c h i p  i s  being Ii.;ti&ted. Results  arc an t i c ipa ted  i n  the 1985 
t b e - f  tame. 
Rockvell,  Western E l e c t r i c ,  and I n t e l  a re  workirrg t o  deveiop more 
e f f i c i e n t  weight, power, and volume l e n s i t i t s  per b i t  of s torage.  These 
manufacturers are  respording t o  RFPs from WD Agencies to  develop and 
de l ive r  mass storage systems. 
For the  'Titan Probe mission the - f rame  a high dens i ty  KRM system 
6 w i l l  be a v a i l a b l e ,  with 14x10 b i t s  of s torage,  Control l ing 
c - t r c n i c s  can be expected to  be reduced to below I kg o t  weight and 
l e s s  than 4 wat ts  pow-  consumption ( t h i s  low power I s  achieved by 
s t robing the system). 
3.b.3 Magnetic Bubble -- Memory - Deve lopen t  - Presen t ly  no d a t a  or 
information is ava i l ab le  tci a s sess  the e i f e t t t  of high temperature 
s t e r i l i z a t i o n  requirement: on MBMs. The concern is t h a t  the temperature 
may scramble the memory or cause long-term degradation.  S imi la r ly ,  t h t r e  
i s  a lack of da ta  needed t o  p red ic t  long-term dormant l i f e .  A teRt 
program should be i n i t i a t e d  on , ~ a b l u  MBM candidate p a r t s  to provide t h i s  
information. The t e s t  . j rroach t o  be used shou1.d cons i s t  of a 
s tep-s t ress  approach to determine i f  these  conrerna a re  j u s t i f i e d  and i f  
so,  t o  def ine  threshold l eve l s .  The ob jec t ive  of the t e s t  progran, i s  to  
derive temperature-time re la t ionsh ips  f o r  both opera t ing arid 
non-cperat ing  condit ions.  
R t y p i c a l  t e s t  program would c m s i s t  of performing a t  Least two 
operat ing l i f e  t e s t a  a t  d i f f e r e n t  elevated temperatures u n t i l  50% 
f a i l u r e s  occur. Mcasureae?ts would be conducted logar i thmical ly  i n  
time. Another t e s t  would be performed by iacremenral increases  of 
temperstr!re fo r  a t  l e a s t  two d i f f e r e n t  times u n t i l  50% f a i l u r e  was 
obt; :.ned. 3.11 data would be analyzed and presented i n  accords-ce with 
MIL-STD-883, method 1016. TIre abovt data  would r e s u l t  i n  informarion 
t \ a t  vould p red ic t  the use fu l  temperature ranges of opera t ion and s torage 
fo r  the ;*Ms. Addi t ional ly ,  f a i l u r e  analys is  of r ep resen ta t ive  f a i l u r e s  
would be performed to i d r l t i f y  and understand the physics of the  
degradation of parameters. 
The test program consists of the following steps: 
o Choose .two candidates from available parts; 
o Perforni part antitomy 8-alysis; 
o Perform operating life test; 
o Perform nonoperating test; 
o Perform dormant storage test; 
o Perform long life predietion. 
This test . lan is el-rmated to require a total time span of approximately 
3 gears. 4 iough order of magnitude cost estimate for this test 
procedure is $150 thousand and assumes that two MBM part types are 
evaluated. This evaluation idea-Ly should be completed prior to the PDR 
milerlone in the Concept-Validation phase (Phase 0 of the A-109 
Acquisition Cycle) of the Titan Probe program. 
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APPENDIX A 
APPENDIX A STUDY PROGUHMATICS 
A-1 Study Objectives 
The object ive  of t h i s  study was t o  determine i f  technology advances 
are  needed to  accomplish t h e  T i t a n  Probe mission. I f  a technology 
advancement i s  required,  then Technology Deve lopmeot Plans w i l l  be 
developed f o r  those zechnology areas.  The Statement of Work f o r  the  
contract  requires  completion of the following tasks: 
o Define the  technology advances required t o  permit a T i tan  Probe 
mission t o  be launched i n  1989. 
o Define a technology d e v e l o p e n t  plan f o r  each of t h e  technologies 
found t o  be required. 
The study was conducted using the schedule shorn i n  Figure A-1. 
A-2 Study Ground Rules 
The study ground ru les  and assumptions were defined i n  the Contract 
Statement of Work and they were mended as a r e s u l t  of the  kick o f f  
meeting of 6 November 1979. These ru les  and a s s m p t i o n s  are: 
o Pro jec t  s t a r t  i n  f i s c a l  year 1984, launch i n  1989, and 80 i n t o  
Saturn o r b i t  i n  1997. Assume 10 years i n  space f o r  l i f e  
considerations.  
o The Class B Probe is a hard lander t h a t  performs upper 
atmosphere, atmosphere, and surface  science.  The basel ine  is 
defined i n  the Pre-Phase A Study Report (MCR-79-5181, "Study af 
Entry and Landing Probes f o r  Exploration of Titan." This 




























































































































































































































































































o The Class  A Probe i s  a non-landing probe t h a t  conducts only 
. atmosphere sc ience .  T5e Clara C Probe is a Class  B Probe with 
added su r face  sc ience  and the  c a p a b i l i t y  t o  opera te  on the  
surface  f o r  g r e a t e r  than 32 days. The Class A and C 
conf igurat ions  were analyzed, i n  t h i e  study,  t o  a s sess  only t h e  
hardware unique t o  these  c o d  igura t  ions.  
o The sciencc, experiments were not examined i n  t h i s  study, but t h e  
accommodations and i n t e r f a c e s  were s tudied f o r  any required 
technology advances. 
o The previous study cousidered e n t r y  from o r b i t  pr imar i ly ,  and 
a l s o  presented a v a r i a t i o n  on t h i s  conf igurat ion f o r  d i r e c t  e n t r y  
from an approach t r a j e c t o r y .  Both conf igurat ioas  were evaluated 
i n  t h i s  study. 
o A contamination requirement vas added f o r  t h i s  study. A mission 
p robab i l i ty  of contamination of no more than lo4 with a 
4 microbial  reduct ion t o  10 was used as  mission d r i v e r .  
o The weight goal f o r  t h e  Class  B conf igurat ion is 225 kg. 
o Surface sample a c q u i s i t i o n  requirements a r e  per mano LXE:239-1 
(Related Document 4 i n  Appendix C). 
o Consider s i n g l e  s t r i n g  subsystems used i n  the baseli?e ( i . e . ,  do 
not add redundancy i o r  r e l i a b i l i t y ) .  
A-3 Study Task Flow 
Figure A-2 diagrams the t a sks  used to  perform t h i s  study. The 
approach used %as to  f i r s t  perform a System Requirement Analysis  (SRA) i n  
Task 1. The documentation from t h i s  analys is  was then used by the 
subsystem :~r , ec ia l i s t s  t o  analyze the implementing basel ine  hardware and 






































































































































































from Task 1 were then ranked i n  Task 2 t o  r seess  the  impact of each 
technology requirement on the mission object ives .  
Assesamcnt of the  current  technology s t a t u e  was accomplished i n  
Task 3, and i n  Task 4 we prepared a technology developpent plan Pot 
those technology items found t o  requ i re  technology advancement. 
A-4 Tasks 1 and 2 - Results  and P r o d u e  
The SRA developed the  outputs  used t o  sys temat ica l ly  develop the  
hardware subsystem requirements. These product items consis ted  of: 
o Mission O3jectives - The mission objecr ives  were drawn f o r  t h e  
o r i g i n a l  mission documentatiaa and r e ~ u l t t d  i n  the h ierarchy 
diagram of Figure A-3. 
o Function Flow Diagram - From these  misaion ob jec t ives ,  a top 
l eve l  and lower l e v e l  funct ion flaw diagrams was developed 
Figures A-4a through 4k. 
o Uissior. Drivers - Table A- l  l i s t s  the environments and conditi-ons 
t h a t  c o ~ l d  d r ive  the  har-juare toward technology advanemaent. 
These items a r e  defined i n  the design c r i t e r i a  document. 
o Design C r i t e r i a  Document - Document TPT-MA-04-1 was developed a s  
a s p e c i f i c a t i o n  f o r  the subsystem s p e c i a l i s t  t o  uae f o r  the 
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Table A-l  T i t a n  Proh? Technology Study-Mission Drivers  
Surf ace Proper t i e s  
o 2658 ka sadiur  
o Solid/semi-loome m a t e r i a l /  l i q u i d  su r f  ace 
o 3008 impact 
o 1.25 m/ sec2 g r a v i t y  
Surf ace Temperature 
o 70 '~  t o  1 0 0 ~ ~  
Atmoe phere 
o 106% methane oad LOOX n i t rogen 
o Surf ace presaure 0.1 t o  2 bars  
To ta l  Probe Mass 
o 225 kg ma% 
Mission Life t ime 
o Mission Life: 9 years minimum 
o Useful  Life :  10 years  aul;!mum 
o P r o j e c t  S t a r t :  FY 1984 
o Launch: FY 1989 
Science Accommadation 
o Surf ace 3omple a c q u i s i t i o n  
o J e t t i s o n  of pre-entry sc ience  
o Science deployment 
o Prevent contamination of science instruments 
Planetary  Quurant ine  
o Microbial  reduct ion t o  104 
o Bioshield enclosure of T i t a n  Probe 
The technology requirements were determined by the  subsystem 
s p e c i a l i s t .  The subsystem hardware i n  the b a s e l h e  conf igurat ion was 
examined aga ins t  the  system documents. The subsystem s p e c i a l i s e s  
documented t h e i r  f indings  i n  the subsystem repor t s ,  and produced the 
technology requirement t a b l e s  (Appendix B) as a vorking tool .  These 
t a b l e s  provide the means of t r a c i n g  the funct ional  requirements through 
the  hardware t o  the  technology requirement f o r  the hardware. This cutpur 
was the f i r s t  es t imate  of the technology requirement based on the 
s p e c i a l i s t ' s  knowledge, and vas p r i o r  t o  l i t e r a t u r e  searches  f o r  
technology s t a t u s .  The left-hand column i n  these t a b l e s  is the funct ion 
i d e n t i f i c a t i o n  number t h a t  c o r r e l a t e s  with the  functions numbered i n  the  
funct ional  flow diagram, of Figure A-4a. 
I n  Task 2 ,  it  was required t o  a ssess  the  impact of the  technology 
required t o  the miasion's  successful  completion. This was accomplished by 
counting the number of mission ob jec t ives  ( r e f e r  t o  Figure A-31 ,  t h a t  a r e  
supported by each of the funct ions  shown i n  Figure A 4 a .  Tabls A-2 is the 
function value l i s t  t h a t  r e su l t ed .  This value f o r  the  funct ion was then 
ca r r i ed  t o  the techcology requirement t ab les  annotated wi th  the value. 
The technoLogy requirements, found i n  t h e  l a s t  columns of the  t a b l e ,  were 
then evaluated f o r  i ts impact on the mission. The list of ranked 
technology requirements was then tabula ted  (Table A-3) and ~ r e s e n t e d  a t  
the mid-term review. This process considered a l l  mission oo jec t ives  t o  be 
of equal importance t o  the  mission and technologies were counted only once 
againe t each misaion object ive .  
The evaluat ion was not c a r r i e d  t o  a s t r i c t  q u a n t i t a t i v e  ranking s ince  
the  technologies required vere  found to  be generic t o  the  mission 
completion and a more r igorous mathematical ana lys i s  w u l d  not 
s i g n i f i c a n t l y  a f f e c t  the outcome of the study. 
Table A-2 Function Value L i s t  
No. of  Obiec t ives  
- - - - -  - 
Func t ion  Supported 
ENWUHPER AND E m R  TITAN ATMOSPHERE 
PROVIDE FECHANICAZ, SUPPORT, POWER, COMMAND, & STATUS 
COLLECT AND TRANSMIT SCIENCG DATA TO EARTH 
PROVIDE PROTECTION FROM TITAN ENVIIUNIENT 
SEQUENCE EVENTS AND SCIENCP, EXPERXMeNTS 
DECELERATE 
PERFORM ATMOSPHERIC SCIENCE 
9.1 Descend Through Aanoaphere 
9.2 Maintain S t a b i l i t y  
7.4 J e t t i s o n  Pre-entry Science  Module 
8.6 J e t t i s o n  Nose Cap 
9.7 J e t t i s o n  Parachute 
9.7.1 Senae rOOm A l t i t u d e  
9.7.2 Arm and F i r e  Ordinance 
LAND 
10.1 Maintain S t a b i l i t y  and S t r u c t u r a l  I n t e g r i t y  
0 Impact Surface  
10.3 Provide P r o t e c t i o n  from Impact 
10 - 4  Achieve and Maintain Desired A t t i t u d e  
PERFORM SURFACE SCIENCE 
11.5 C o l l e c t  and Tranamit Data While on Surface  
9.5 Co l l ec t  and Transmit  Atmosphere Science  Data 
While on Parachute  Dercent 
11.1.2 Deploy Surface  Imaging 
9.0 Perf  o m  Upper Atmosphere Science 
9.6 S t o r e  Descent Imaging CCD Camera Las t  Frame 
9.3.1 Deploy Atmosphere Probe 
9.3.2 Deploy Nephelometer 
9.3.3 Deploy Temperature Probe 
11.1.1 Deploy Meterology 
11.1.3 Extend Surface  Sampler 
11.3 Acquire Surface  Samples and De l ive r  t o  Instrument 
11.4 Analyze Surface  Samples 
Table A-3 Ranked Technology Requirements - Tasks 1 and 2 Resul ts  
- 











B a t t e r i e s  
Mater ia ls  
Bubble Memory 
Mechanl ~ms-Flight  
HicroS t r i g  Antenna 
Landing I n t e g r i t y  
Sample Acquis i t ion/  
De 1 ive r  y 
Mechani sms-Landed 
RTG 
Radioisotope Thermal 1) 
Unit 
L i f e  2) 300g Impact 
S t e r i l i z a t i o n  4) Design Concept 
L i f e  2) Temperature 
L i f e  2) 300gImpact 3 )  S t e r i l i z a t i o n  
L i f e  
Temperature 2) 300g Impact 
S t a b i l i t y  2 )  300g Impact Analysis  
Sample A b i l i t y  
Surf ace Uncertainty 
Temper a t  ure  
L i fe  2 )  300g Impact 
Environment 2) L i f e  
3008 Iapact  
200 t o  250 Watts 
Task 3 Method 
- 
Under T ~ r k  3 we conducted a rurvey with the ob jec t ive  of a r sess ing  
the d e v e l o p e n t  r t a t u a  of required technologies.  The method ured t o r  the  
s t a t u s  survoy war a r y n e r g i r t i c  procesr , ( see  Figure A - 5 ) .  The i n i t i a l  
s t e p  es tab l i rhed  the  s t a t e -o f - thwar t  using the  r p e c i a l i r t ' s  knowledge a s  
the b a r r l i n a  from which t o  make contacts  i n  government agencies and 
indust ry .  L i t e r a t u r e  searcher vere  made through t h e  National  Technology 
Information Service (NTIS), the  Defense Technical Information Center 
(MIC) and the  NASA Remote Conrole System (RECON). These searcher a r e  
enumerated, by search con t ro l  number, and the search termr, ured f o r  
r e t r i e v a l  of documents f r m  the  data  b a k e ,  a r e  l i r t e d  :n Tables A 4  
through A9. These repor t  b ib l iographies  conta in  a b r t r a c t s  vhick, were 
reviewed, and the pe r t inen t  docments  were requested and analyzed. 
Reports, papers and information from personal  con tac t s ,  conference 
proceedings, and profess ional  journals  were a l s o  co?lected and reviewed. 
This screening process r e r u l t c d  i n  the b ibl iographies  f o r  each technology 
that a re  i n  Sect ion 3.0 of t h i s  r epor t .  
This method of obta ining documents war slow and not always 
complete. There were som8 papers t h s t  vere  categorized a8 l imi ted  access  
that we could not obtain.  There were some c l a r s i f i e d  papers we could not 
get  and the re  a r e  I W  docrnnents from indust ry  t h a t  we did  not at tempt t-a 
obtain.  
S imi la r ly ,  the  assesrment of current  a c t i v i t i e s  is not r ead i ly  
ava i l ab le .  The Martin Marie t ta  Library  s t a f f  rearcned through NASA-RECOH 
and i t  did not br ing out the l a t e s t  RTOP a c t i v i t i e s .  S imi la r ly  we found 
a government group t h a t  i r  not ava i l ab le  t o  indust ry .  The Interagency 
Advanced Power Group ( I A P G )  is the group' t h a t  pe r iod ica l ly  publishes a 
l i r t  of current  program taking place i n  various power areas .  I n  t h i s  
care  we were able  t o  obta in  a l i s t i n g  and have inc lu fea  t h i s  informasion 
i n  a u r  survey. We b e c m  concerned knowing many such groups were not 
uncovered 
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Spec h e n s  
Table A-5 Terms f o r  Bat tery  L i t e r a t u r e  Search 
F i r s t  Level Search Tenns 
Alkaline B a t t e r i e s  
Ba t t e ry  Chargers 
Bat tery  Compartments 
Bat tery  Components 
Bat tery  Separators  
Dry B a t t e r i e s  
E l e c t r i c  B a t t e r i e s  
Guided Miss i l e  B a t t e r i e s  
Lead Acid B a t t e r i e s  
Low Temperature Bdt te t i eS  
?fagnesium B a t t e r i e s  
Mercury B a t t e r i e s  
Metal A i r  B a t t e r i e s  
Meteorological B a t t e r i e s  
Mine Cadmium B a t t e r i e s  
Primary B a t t e r i e s  
Radioisotope B a t t e r i e s  
Reserve B a t t e r i e s  
Sea !dater b a t t e r i e s  
S i l v e r  Zinc B a t t e r i e s  
Storage B t t e r i e s  
Thermal B a t t e r i e s  
Water Activated B a t t e r i e s  
Wee Cel ls  
Second Level Search Terms 
Lithium 
S i l v e r  
Zinc 
Third Level Search Terms 
S i l v e r  Zinc B a t t e r i e s  
Su l fu r  
Su l fu r  Compounds 
Su l fu r  Dioxide 
Thionyl 
Table A-6 Terma f o r  Space Vacuum E f f e c t s  L i t e r a t u r e  Search 
F i r s t  Level Search Terms 
-
Acetal  Resins 
Acryl ic  Resins 
Airpf ane Engine O i l s  
Amino P l a s t i c s  
Ant i se ize  Compounds 
Butyl Rubber 
Carbon Phenolic Mater ia ls  
Cel lu lose  Acetates 
Cel lu lose  Ethers 
Ce lZulos ic  Resins 
Cut t ing F lu ids  
Dacron 
Delr in  
Eboni t e s  
Elastomers 
Epoxy Resins 
Ethyl Cel lu lose  
Expanded P l a s t i c s  
Foam Rubber 
Furan Resins 
Glass Reinforced P l a s t i c s  
Graphited Mater ia ls  
Greases 
Halocarbon P l a s t i c s  
Heat Res i s t an t  P l a s t i c s  
Instrument Greases 
Laminated P l a s t i c  
Latex 
Low Temperature Lubricants 
Lubricant Additives 
Lubricants 
Lubr ica t ing Films 
Lubr icat ing O i l s  
Methyl Cel lu lose  
Mineral Wool 
Natural  Fibers  
Natural  Rubber 
N i t r i l e  Rubber 
Nylon 
O r  lon 
Phenolic Plascicu 
P l a s t i c s  Coatings 
P l a s t i c s  
Pl.exigl?.e 
Polyacrylatiides 
Polyacryla tes  
Polyamide P l a s t i c s  
Polyes ter  F ibe r s  
Po lyes te r  P l a s t i c s  
Polyethylene P l a s t i c s  











Quartz Phenolic Mater ia ls  
Ray on 
Reinf arced P l a s t i c s  
Rubber 
S i l a s t i c  Compounds 
S i l i c o n e  P l a s t i c s  
So l id  Film Lubricants 
So l id  Lubricants 
Styrene P l a s t i c s  
Synthet ic  F ibe r s  
Synthet ic  Rubber 
Thermoplastic Resins 
Thermosetting P l a s t i c s  
Vinyl P l a s t i c s  
Vinyl Rubber 
Second Level Search Terms 
Aerospace Environment 
Deep Space 
In te rp lane ta ry  Spacc 







Table A-7 T e r m  Used f o r  Lubricants L i t e r a t u r e  Search 
F i r s t  Lave1 Search T e r m  
Aerospace Envi rornnent 
Deep Space 
In te rp lane ta ry  Space 











Third Level Search Terms 
Airplane Engine O i l s  
Ant i s e  i za  Compounds 
Cutt ing Fluids  
Graphited Mater ia ls  
Greases 
Instrument Greases 




Lubricating O i l s  
Sol id  Film Lubricants 
Sol id  Lubricants 
Table A-8 Term f o r  D r i l l  B i t  Materials Li te ra ture  Search 
F i r s t  Level Search Term 
D r  i l l ing 
Dr i l l ing  Machines 
Dr i l l s  
Rock Dri l l ing 
Second Level Search Terms 
Astronomical Bodies 
0 Type Stars 
Basalt  
Binary S tars  
Boulders 












Infrared Stars  
Interplanetary Space 













Quar t ie i te  
Rock 
Rock Dr i l l ing  
Rock Mechanics 















Variable S tars  
Venus Probes 
Wolf Rayet S tars  
Table A-9 Terme for Memory Literature Search 





In  s p i t e  of a concern f o r  not h w i n e  reached each and every piayer 
i n  the technology area ,  we f e e l  the assessment of the s t a t u r  repor t  i s  
b a s i c a l l y  cor rec t .  The a c t i v i t y  l ist may not be complete, it doer, 
however, represent  the type of a c t i v i t y  p resen t ly  taking place.  
The technology d e v e l o p e n t  plans r e c m e n d e d  i n  Sect ion 3.0, a r e  not 
dependent on completeness of t h i s  a c t i v i t y  l i s t  s ince  an updated 
technology survey w i l l  be performed a s  the f i r s t  t a sk  i n  the  execution of 
the plan. 
APFENDIX 0 
APPENDIX B HARDWARE TECHNOLOGY ANALYSIS 
This appendix documents the products from Task 1 and describes the 
basel ine  conf igurat ion from the previous study (Related Document No. 1). 
B-1 T i t an  Probe Capsule Configuration 
The T i tan  caprule t o  be ca r r i ed  i n  t h e  Saturn o r b i t e r  is configured 
as shown i n  Figure 8-1. Its elements are: 
o Bioshield - base and cap; 
o T i tan  Probe; 
o Pre-entry Module. 
The bioshie ld  p ro tec t s  the s t e r i l i z e d  descent capsule from 
b io log ica l ,  chemical, and p a r t i c u l a t e  contamination before and during 
launch. The bioshie ld  cap is j e t t i soned  during the  c r u i s e  t o  Saturn. 
The inner descent capsule i s  comprised of t h e  T i t a n  Probe and the  
Pre-Entry Module. 
The reference s e t  of science instruments a re  l i s t e d  i n  Table B-1. 
No technology assessment was attempted of these  instruments. 
Figure B-2 dep ic t s  the T i tan  Probe mission e n t r y  and descent 
sequence. The Pre-Entry Module i s  j e t t i s i o n e d  as  the  probe is 
decelerated by the denser atmosphere. After decelera t ion t o  about 
Mach = 0.8, a parachute is deployed ( i n  the  t h i n  methane reference 
atmosphere) t o  slaw the descent through the atuosphere. gear the 
surface ,  the parachute i s  j e t t i s i o n e d  and the probe f a l l s  t o  a hard 
!.anding (20 meters per second). 
Titan 
Probe 
Figure 8-1 T i t a n  Probe Capsule 
Table B-1 Titan Probe Science Payload Complement by Probe Clara 
Inn t rument Class A Class B Class C Heritage 
Pre-Entry 
1. Neutral b a a  Spec (1-46 AMIT) 
2. ION Masa Spec 
3. Retarding Potential Analyzer 
4. Electron Temperature. Probe 
Atmosphere 
1. Atmosphere Structure Instrument X 
2. M d t  ispectral Radiometer X 
3. Nephclometer with Differential X 
Thermal Analyzer 
4. Neutral Mass Spec X 
(1-150 AHU Required)* 
5. Gas Chromatograph X 
6. Descent Imagery 
7. DoppterlWind (Stable Osc.) X 
Surf ace 
1. Impaet Accelerometer 
2. Composition (Mass Spec and 
Gas Chromatograph, 250 AMU) 
3. Hctaorologg 
4. Surface Imaging 
5. Passive Seismometer 
6. Microscope 
7. Precipitation Experiment 
8. Active Wet Chemistry 
"Ozonanalysis" 
9. A lpha-Backs cat ter 
X X PV (Orbiter) 
X X PV (Orbiter) 
X X PV (Orbiter) 
X X PV (Orbiter) 
X X Galileo 
X X Galileo 
X X Calileo 
X X Galileo, 
Viking 
X X* ARC 
X X Penstrator 
X X ARC 
X X Penetrator 
X X Viking 
X X PenetraCor 







* Class B and C uaes surface GCMS for atmosphere measurement. 

The b iosh ie ld  prevents recontamirut ion  of the s t e r i .1  i m d  Ti tan  Probe 
with e a r t h  organisms by completely encapsulating it during m d  a f t e r  
s t e r i l i z a t i o n .  It c o n s i s t s  of th ree  major suba~sembl ies  - the  cap, base, 
rnd equiprent  module. The equiprent  module provides a bulkhead thraush 
which pass the  e l e c t r i c a ~  and instrumentation harnesses ,  md o the r  
i n t e r f a c i n g  functions.  The base provider the  support s t r u c t u r e  f o r  
a t t ach ing  the T i t an  Probe and i n t e r f a c e s  with the  2oturn o r b i t e r  
s t r u c t u r e  adapter.  E jec to r  devices separa te  the  cap from tha s p r c e c r a f t  
a f t e r  i n s e r t i o n  i n t o  trans-Satlltn t r a j e c t o r y ,  and another device spins  
t h e  T i t a n  Probe p r i o r  t o  r e l e a s e  from t h e  Saturn o r b i t e r .  
Pre-entry Module 
The Pre-Entry Module (ahown i n  F i p r e  8-31 i s  posit ioned on the  
leading cone of the ent ry  probe t o  allow 'he upper atmorpherc r c i e n c t  
i n s t r m e n t s  t o  sample f r e e  space. The module i s  the re fo re  required t o  be 
j e t t  isontd p r i o r  to  en te r ing  s i g n i f i c a n t  atmosphere. The base l ine  
concept f o r  j e t t i s o n  is a s p l i t  module held together by a tens ion l i n k  
and strapped to  the cone by hold down s t - lps .  

The mechanism f o r  j e t t i s o n  i s  comprised of sp r ings ,  l i n k s ,  and 
associa ted  e lec t ron ics .  Design considera t  ions w i l l  be required f o r  
sp r ing  mate r i a l s  and mate r i a l s  with surface-to-surface contact  to  prevent 
electro-chemical react ions  from degrading the separa t ing  mechanisms. The 
hot wire tens ion l inks  have supporting data  ava i l ab le  t o  a ssure  opera t ion 
a f t e r  10 years dormant l i f e .  
B 4  T i t a n  Probe System 
The Class B probe ( see  Figure 8-61 is  a combination atmosphere and 
lander vehic le .  The e x t e r n a l  conf igurat ion uses a 20-degree half  angle 
cone ae roshe l l  and a b l a t o r ,  whi le  the a f t  cover is a segment of a 
sphere. When designed f o r  a t h i n  methane T i t an  atmosphere, i t  requ i res  a 
parachute t o  slow i t s  descent. For the th icker  n i t rogen atmosphere 
model, t r a n s i t  throcgh atmosphere is s u f f i c i e n t ? y  slow t o  enable a l l  
required science inves t iga t ions .  A hard landing of l e s s  than 300g 
dece le ra t ion  is required f o r  e i t h e r  atmosphere mode. The sur f  ace mission 
l a s t s  u n t i l  the Saturn o r b i t e r  passes out  of ctmmunication range 
approximately 2.7 hours a f t e r  impact. Operational  dura t ion i s  
approximately 249 hours from separa t ion  from the Saturn  O r b i t e r ,  and 10 
years from launch. 
The subsystem elements of the probe include s t r u c t u r e s  and 
mechanism, telecommrication, data  handling, e l e c t r i c a l  power, and thermal 
control .  

The Ti tnn  Probe system block diagram is shown i n  Figure B-5. A l l  
support func?ions a r e  supplied by the  Saturn o s b i t e r  u n t i l  inmediately 
p r io r  t o  probe spin-up and re lea re .  From re lease  chrough er:try i n t o  t h e  
atmosphere and rubsequent landing, da ta  i s  s tored m d / o t  relayed t o  the 
Saturn o r b i t e r  f o r  retranmuisrion t o  Earth. A l l  pre-entry science da ta  
is s tored f o r  l a t e r  tranmnission. During the  e n t r y  phase, the  
atmorpheric s t r u c t u r e  i n s t n m e n t  da ta  is : tored,  and a l s o  t ransmit ted 
throughout e n t r y  and pes r ib le  blackout t o  provide a s i g n a l  using the 
u l t r a  s t a b l e  o s c i l l a t o r  to  gain  Doppler tracking da ta  and s i g n a l  
degradation data.  Real-time engineering data ,  science data ,  and 
previously s tored c a l i b r a t i o n ,  pra-entry, and en t ry  da ta  a r e  in te r l eaved  
and transmitted t o  the o r b i t e r  during the  descent period and following 
landing. 
The probe i s  designed with subsystem and science equipment wi thin  an 
environmentally control led  compar+,ment a s  much as possible.  Compartment 
temperature i s  maintained wi th  e l e c t r i c a l l y  control led  hea te r s ,  i sotope 
hea te r s ,  and equipment e l e c t r i c a l  d i s s ipa t ion .  

B-5 S t ruc tu re  and Mechanism Subsystem 
The Class  B s t r u c t u r e  subsystem i s  defined i n  Figure 8-6. The 
aerodecelera tor  f o r  the t h i n  nethane atmosphere requ i res  a parachute t o  
slaw the descent r a t e .  The parachute is inse r t ed  a t  the top of a c e n t r a l  
s t r u c t u r a l  tube t h a t  encloses the  exteadable sc ience  mast. This mast 
deploys meteorology and imaging experiments a f t e r  landing. The parachute 
is j e t t i soned  a t  lOOm a l t i t u d e ,  and the  probe f r e e - f a l l s  f o r  a r e l a t i v e l y  
hard landing. 
The ae roshe l l  and heat  s h i e l d  a r e  combined with a honeycomb 
s t r u c t u r e  impact a t t enua to r ,  These limit t h e  impact dece le ra t ion  t o  l e s s  
than 300g with an impact v e l o c i t y  of 20 mlsec. Good a t t i t a d e  s t a b i l i t y  
and small surface  penetra t ion a re  obvious goals.  
Uncertain surface  c h a r a c t e r i s t i c s  ( i r r e g u l a r  o r  l i q u i d )  combined 
with low surface  temperatures (70°K t o  10Q°K) and a spacecra f t  t h a t  
has survived 10 years of in te rp lane ta ry  t r a v e l  c r e a t e  a d i f f i c u l t  landing 
problem. The study assumed a f l a t  hard surface  f o r  landing impact. 
While no c r i t i c a l  problems have been i d e n t i f i e d ,  t h i s  a rea  requ i res  
f u r t h e r  study and design consideration.  
The base l ine  conf igurat ion is designed t o  land on a f l a t  surface  
with the impact energy applied t o  the t i p  of the probe. A conceptual 
design should be pursued t h a t  w i l l  account f o r  s lop2s ,  rocks, and wind 
forces  by being capable to  absorb v e r t i c a l  and l a t e r a l  impact energy. 

The design study should include a r e l i a b l e  method t o  maintain a 
c l e a r  area f o r  the sample a c q u i s i t i o n  device t o  reach the surface .  
S imi la r ly  the design must f ind a means t o  preserve the  su r face  m a t e r i a l  
chemical composition by not: 
o Introducing contaminant ma te r i a l s  from the a b l a t i v e  s h i e l d  o r  
from the  s t ruc tu re ;  
o S i g n i f i c a n t l y  changing the temperature of the surface;  
o Changing the  chemical composition of the  sample area. 
The e f f e c t  of the impact energy on the dynamics of the probe should 
be analyzed to  put c r i t e r i a  an the design of s t r u c t u r e ,  subsystem, and 
p a r t s .  A fundamental dynamic ana lys i s  of the basel ine  conf igurat ion 
ind ica tes  t h a t  t te impacted shock from the  20 meter per second landing,  
w i l l  be i n  the form of a terminal  peak sawtooth t h a t  peaks a t  300g a f t e r  
0.010 second. Equipnent can then experience ampl i f i ca t ion  f a c t o r s  up t o  
30, depending on the mounting techniques,  n a t u r a l  frequencies,  and 
s t r u c t u r a l  damping c h a r a c t e r i s t i c s .  
During descent,  the nose cap is j e t t i soned  t o  provide an opening f o r  
atmosphere t o  reach the  atmospheric composition instrument and f o r  l i g h t  
t o  impinge on the camera (Figure B-7. The basel ine  design j e t t i s o n s  the 
nose cap using hot gas actuated pin r e t r a c t o r s .  The a b i l i t y  f o r  these  
devices to  work a f t e r  being dormant f o r  10 years i n  the space environment 
has been ve r i f i ed .  A technology v e r i f i c a t i o n  by ana lys i s  and t e s t  w i l l  
be required during the design phase. 
The aechanism required to deploy the  meteorology and camera mast 
a f t e r  landing can be developed during the program design phase providing 
t h a t  considera t ion i s  given t o  m a t e r i a l s ,  lubr icant  s e l e c t i o n ,  and 
landing shack. These technology requirements a re  discussed i n  g rea te r  































8-6 Telecomrmnications Subsystem 
B-6.1 Requirements Analysis 
The required major function8 of the base l ine  telecomnnrnications 
subsystem f o r  a T i t a n  Probe a r e  to: 
o Provide a s t a b l e  o s c i l l a t o r  t r ansmi t t e r  frequency source t o  allow 
wind/Doppler measurements during the  probe descent period. 
o Maintain a communications l i n k  t o  t ransmit  coded science and 
probe subsystems s t a t u s  d a t a  t o  t h e  Saturn  o r b i t e r  during descent 
and f o r  a shorc period of time a f t e r  probe impact ( t h e  Class C 
probe would require  comrmnicrtions with the  o r b i t e r  32 daya 
l a t e r ) .  
o Provide a radar  a l t i m e t e r  t o  t r i g g e r  r e lease  of the descent 
parachute a t  100 meters o r  l e s s  a l t i t u d e  above the  landing 
surface  ( t h i s  i s  f o r  the t h i n  atmospheric model only) .  
Deta i led  requirements f o r  t h e  subsystem a r e  yet  to  be developed; 
however, the  major c h a r a c c e r i s t i c s  have been determined such t h a t  an 
cvs luat ion of the  ex ten t  of d e v e l o ~ e n t  needs can be made. 
A review of the telemetry t r ansmi t t e r  requirements shows t h a t  a very 
s t a b l e  frequency source i s  required ( 3  x 10-lo frequency s t a b i l i t y  an 
spec i f i ed  by NASA Ames) f o r  wind/Doppler measurements. The required 
t r ansmi t t e r  output power va r i es  from 2.5 wat ts  a t  1400 MHz f o r  the Class 
B probe en te r ing  a t h i n  atmosphere from o r b i t  around S a t u r ;  t o  6 v a t t s  RF 
output f o r  a th ick  atmosphere. For d i r e c t  en t ry ,  using a separa te  probe 
c n r r i e r ,  the t r ansmi t t e r  output power goes up to  a s  much a s  20.8 wat ts  a t  
1400 mz f o r  the t h i n  atmosphere and 21.8 wat ts  f o r  the th ick  (30%) 
atmosphere. 
Desired characteristics for the telemetry antenna include a peak 
gain of 4.4 dBi on axis with a 140-degrees half-power beamwidth (HPBW) 
and axial ratio of 3 dB or less out to the hrlf-power points. 
The radar altimeter is required to operate over a relativeiy short 
range (detect 1W-mater altitude above the surface). It is estimated 
that detection of a 90-mcter altitude 210 meters shouid be sufficient For 
a preliminary performance requirement. 
A revieu of the comuunications link parameters and proposed 
subsystem -implementation given shown that some soft spots exist in the 
design. Specifically, the perfr>mance quotad for the communications 
antenna is somewhat optimistic for a microstrip antenna and no 
perfonnffnce parameters were given for the radar altimeter other than 
size, weight, and primary power allocation. 
The microetrip antenna was characterized as having a peak gain of 
4.4 dBi and half-power Seamwidth of 140-degrees with an axial ratio of 3 
dB or less in the HPBW. A closer look at some recent designs by Martin 
Marietta show6 that HPBW bvyond 100-degrees is not very practical with 
the microstrip antenna suggested, and the axial ratio at the half-power 
can be expected to approach 10 dB. Also, cart muat be taken to limit the 
temperatnre excurs ions of the antenna to prevent detuning and/ or 
delamination. An a1 temate antenna that can meet the beawidth/gain 
objectives for the hard lander is a turnstile-over-cone antenna as shown 
for the soft lander configuration. However, this antenna has the 
disadvantage of excessive thickness compared to the thin dimension of the 
microstr ip antenna. Replacing the two microstrip antennas with the 
turnstiles would require a new probe layout due to the thicker turnetile 
antennas. To avoid a completely new probe design layout, it is 
recommended that the antenna be considered a design item needing further 
investigation and developnent . If the gaidbeamwidth cannot be obtained 
for the required temperature range for the microstrip antenna, either the 
a l t e r n a t e  antenna m r t  be used o r  the  t r ansmi t t e r  outgat  power must be 
incraaped from 2.5 wa t t s  t o  5 watt*. The Ga l i l eo  Probe antenna HPBW i s  
56-degrees, which is too narrow f o r  our misaicn. 
The radar  a l t i m e t e r  can be e i t h r  a pulse type o r  FM/CW type. The 
l a t t e r  is p re fe rab le  fram the  standpoint  of s i m p l i c i t y  and power 
consmption.  A r i q i e  d ipole  o r  s l o t t e d  waveguide antenna f o r  tha 
a l t i m e t e r  would provide a beamwidth wide enough t o  handle specular  
r e f l e c t i o n s  from the surface.  (Specular is typ ica l  of moons and planets 
o ther  than Earth. ) It could be b u i l t  t o  col lapse  upon probe impact a t  
the surface.  Viking Lander a l t ime te r  components o r  equivalent  hi-re1 
p a r t s  technology could be ured f o r  the a l t i m e t e r  and l i t t l e  d e v e l o p e n t  
e f f o r t  would be required,  o t h e r  than the usual  design f o r  r e l i a b i l i t y  and 
t e s t  f o r  compliance. A frequency of 13.3 GXz is t y p i c a l  f o r  t h e  PM/CW 
u n i t  and about 100 m i l l i w a t t s  of output would be required.  I f  a pulsed 
radar technique were used, a 1-MHz frequency (Vliting Lander) would be 
considered. The a l t ime te r  and i t s  antenna a r t  not conaidered technology 
d e v e l o p e n t  item8 s ince  both the  Lunar Excursion Module and t h e  Mars 
Viking Lander used s i m i l a r  technology f o r  a l t i t u d e  measurement during 
decent. Due to  the  shor t  radar range requirement f o r  t h e  T i t a n  Probe 
mission, the  weight, s i z e ,  and power of the radar  a1 t imeter  should be 
compatible with the es t imate  of 1 kg, 1133 cm3, and 1 watt, 
respect ively .  
The telemetry t r ansmi t t e r  technology ( e x c i t e r  and power ampl i f i e r s )  
can be based on t h e  Ga l i l eo  Probe design,  which i s  expected t o  provide 24 
WL-ts output a t  each of 2 ad4acent frequencies f o r  redundancy and 
withstand a 425g fo rce  f o r  30 seconds. The s t a b l e  o s c i l l a t o r  designs now 
being success fu l ly  developed (by Frequency E lec t ron ics ,  Inc. of New Hyde 
P a r k ,  New York) as the s t a b l e  frequency source f o r  the  Ga l i l eo  Probe can 
serve equal ly  well  as the technology bare f o r  the T i t an  Probe, except 
( i . e . ,  the s r m m i t t e r )  weight becomes a problem when redundancy i s  
considered. 
A block diagram of the t e l e c ~ a i c a t i o n s  subryrtem as prerently 
conceived fo r  the s ingle  r t r i n g  bareline i s  giwm in  Figure 8-8. This 
subsyrtem consists of a s table  o r c i l l a t o r ,  a telemetry t ranrmit ter ,  two 
telemetry antennas, an RF antenna selector  switch, a radar alt imeter 
tranrceiver,  r radar alt imeter antenna, and RF cabling. The s tab le  
o rc i l l a to r  is temperature controlled using a double oven and proportional 
cortrol .  The  c rys ta l  is an SC cut relected fo r  reduced rhock 
suscept ib i l i ty .  The uni t  being developed for  the transmitter i n  the 
Galileo Probe features a Dewar f la rk  and velded t i t a n i m  conrtructioa. 

































































































































































































































































































































































Table 8-2 Stab le  O s c i l l a t o r  C h a r a c t e r i s t i c s  
Power Output: 
Nominal Frequency: 
C q s t a l :  
Frequency S t a b i l i t y :  






Special  Enviroment: 
+I dBm cw 
23 MIX 
SC cut  
3 x 10-lo a f t e r  5 hours warmup 
(See Gal i leo  procurement spec 
Double oven with proportional control  
Titanium Dewar Flask 
Welded const ruct  ion 
4.45 cm d i a  x 14 cm (1.75 in.  d i a  x 5.5 
0.6 kg (20 oz) 
5W warmup, 2W operate  
400g acce le ra t ion  
The base l ine  t r ansmi t t e r  r equ i res  a minimum of 2.5 wa t t s  RF output 
a t  1400 MHz f o r  the t h i n  atmosphere and e n t r y  f rm o r b i t  around Saturn.  
Fcr th ick  30% atmosphere or  d i r e c t  en t ry  op t ions ,  the  power output 
requirement v a r i e s  from 6 t o  21.8 watts .  The C a l i l e o  Probe t r ansmi t t e r  
output i s  24 wa t t s ,  thus  it could be used f o r  the  high pover options.  
For the ba re l ine ,  the  p e r  ampl i f i e r  sec t ion  of the t r ansmi t t e r  can be 
s impl i f ied  t o  provide the  lower output.  Typical  t r ansmi t t e r  
c h a r a c t e r i s t i c s  a r e  given i n  Table B-3. 
The telemetry antennas t o  be b u i l t  by Martin Marie t ta  a r e  mic ros t r ip  
"parch" antennas with est imated performance c h a r a c t e r i s t i c s  a s  given i n  
Table B-4. The design is based on the  p r inc ip les  sunmarked i n  the  
base l ine  study. It remains to  be seen whether the beamwidth car. be 
broadened to  a more d e s i r a b l e  120-degrees HPBW. 
The radar  a l t ime te r  is conceived as  an FM/CW type using Viking and 
Lunar Excursion Module (LEM) p a r t s  technology. Estimated performance 
c h a r a c t e r i s t i c s  f o r  the a l t i m e t e r  a r e  given i n  Table B-5. The a l t i m e t e r  
antenna to be b u i l t  by Martin Marie t ta  is a simple low gain type having a 
HPBW of about 90'. Telcdyne Ryan, manufacturer of the Viking and LEM 
a l t i m e t e r s ,  is a good source f o r  the  t ransceiver .  The a l t i m e t e r  mus. be 
designed and t a s t e d  s p e c i f i c a l l y  f o r  t h i s  mission t o  o b t a i n  the minimum 
s i z e  and weight required f o r  the  simple funct ion of providing an a l t i t u d e  
mark. No a l t ime te r  is required f o r  the t h i c k  atmosphere model s ince  a 
parachute i s  not required.  
Table 8-3 Telemetry Transmitter 
Frequency: 
Output Power, min: 
Frequency Source: 
1400 MHz 
2.5 watts (24 watts option) 
External stable oscillator 
(See Table B-1) 
50 ohms 
BPSK of carrier 
Convolutionally encoded K-7, 
Rate 112 at up to 4;00 
symbols/sec 
8.6 an x 10.7 c m x  12.2 cm 
(3.4 in. x 4.2 in. x 4.8 in.) 
1.6 kg (3.5 Lb) 
28 watts (109 watts option) 
Motorola Government Electronics 
Division - Scottsdale, Arizona 
Out put Impedance : 
Modulation: 




Table B-4 Telemetry Antenna Characteristics 
TYPe Micros trip 
Peak Gain 4.5 dBi 
Half-Power Seamwidth 120 deg. 
Axial Ratio 2 dBi on axis, 10 dBi at half power 
points 
Input Impedance 50 ohms 
Polarization RHCP 
Size 6 in. x 6in. x 0.6in. 
Weight 1.0 kg 
Power Handling 30 watts 
Source: Hartin Marietta, Denver, Colorado 
Table B-5 Radar A 1  t imeter  Performance 
Type 




Out put Power 
Antenna 
Nomina.1 S/N 





t' Alt i tude Mark a t  90 - + 10 km 
13.3 KHz 
Over 200 meters 
+ 5% a t  100 meters + 10 meters 
- - 
100 mi l l iwa t t s  
Dipole 
TBD a t  100 meters 
Center of power t racking 
1130 cm3 
1 kg including antenna 
1 watt  
For an extended 32-day mission i t  is assumed tha t  the rendezvous 
time with the  re turning o r b i t e r  can be preset  i n  the probe so t h a t  t h e  
probe is not required t o  receive commands from the o r b i t e r  t o  s t a r t  
transmission. I f  the probe is required t o  receive comands. a major 
change would be required t o  add a d ip lexer ,  r ece iver ,  and cotmand 
demodulataor t o  the  telecomnunications subsystem. Also, a comnand 
transmission system would be required i n  the o r b i t e r .  
For a Class  A probe, the baeic d i f fe rence  i n  design is de le t ion  of 
one of the telemetry antennas s ince  no transmissions from the  T i tan  
surface  i s  required.  
The probe ttalecomnunications telemetry l ink  design i e  based on an 
o r b i t e r  receiving system having a pointable 12.8-degrees HPBW antenna and 
a syst-em noise temperature of 380 O K +loo with the  major contr ibutor  
being the noise f igure  of the receiver .  A 5 0 O ~  antenna temperature and 
1 0 0 ' ~  br ightness  temperature a r e  assrrmed. A 3 dB point ing l o s s  is 
assumed f o r  the  o r b i t e r  antenna. 
B-6.2 Technology Requirements - Table B-6 lists the s p e c i f i c  
technology requirements r e l a t e d  t o  the  subsystem's hardware. C m o n  t o  
a l l  the i t e m  are: (1) equipment s u r v i v a b i l i t y  f o r  9 t o  10 years  i n  space 
required t o  perfotm the  mission; ( 2 )  t h e  thermal protect ion problem s ince  
they must be ex te rna l  t o  the metal protect ive  s h e l l  of the probe t o  
functiorr; and ( 3 )  t h e  requirement t o  funct ion a f t e r  experiencing t h e  
r e l a t i v e l y  high landing force  of the probe on the surface  of T i tan  
(except the  radar a l t imete r  and i ts  actenna). 
Technology f o r  the t e l e u e t r y  antennas is associa ted with obta ining 
the gain/ber~mwidth c h a r a c t e r i s t i c s  required f o r  the  mission i n  a 
l ightweight compac:t design such as  a mic ros t r ip  antenna. These 
c h a r a c t e r i s t i c s ,  including v i r t u a l  standing wave r a t i o ,  must be 
maintained wi thin  reason (as ing  the tuaterial  s e l e c t e d )  over a r e l a t i v e l y  
wide temperature range - a range whosz s e v e r i t y  w i l l  depend on the  
success i n  designing a radome and thermal p ro tec t ion  t o  limit the 
temperature ercurs ions .  
The telemetry t r ansmi t t e r  being b u i l t  f o r  the Ga l i l eo  Probe is 
designed to  withstand 20 bars atmosphere preasure and an impact 
acce le ra t ion  equivalent t o  the Ti tan missions. Tho output power Lor each 
channel is 24 wat ts ,  adequate f o r  our worst case mission, but weight is 
the dominant problem espec ia l ly  f o r  a dual redundant system. Likewise, 
the e.:citer (used to  dr ive  the  t r ansmi te r )  i s  designed f o r  t h e  20 bars 
rind high-acceleration entry .  I t  a l s o  represents  a weight problem f o r  
T i tan  Probe since the  weight i s  1.6 kg each. Assuming t h a t  t h e  Gal i leo  
o s c i l  l a t o r / d r i v e r /  t r ansmi t t e r  e f f o r t  i s  successful  in  meeting the 





















































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































e f f o r t  can be implemented, t h i s  technology can be used f o r  the T i t an  
t r ansmi t t e r .  For the  t h i n  atmosphere model both the  pressure  seen by t h e  
case and the t r ansmi t t e r  output power w i l l  be much l e s s .  This shouid 
h e l p  s u b s t a n t i a l l y  i n  reducing m i g h t .  
The s t a b l e  o s c i l l a t o r ,  being designed f o r  the Ga l i l eo  mission, can 
be used as- is  f o r  t h e  T i t a n  Probe s ince  both the  expected performance and 
the weight a r e  compatible. 
The radar  a1  t imeter  t r ansce ive r  can be e a s i l y  designed ueing today' s 
technology. Since the  design w i l l  be unique f o r  t h i s  mission, a minimum 
weight approach can be s t r e s s e d  a t  the incept ion of the design. The 
radar antenna must be protected thermally a s  discussed above. 
Both weight and valume become f a c t o r s  when considering a dual 
redundant approach. Depending oc the atmosphere model and the  type 
en t ry ,  a dual  redundant approach is expected t o  increase  the 
te lecornunicat ions  weight by a f a c t o r  of from 74 t o  90%. 
I n  sunnnary, the  dominant d r i v e r s  i n  the probe ta lec~mmunicat ions  
technology area  a re  l i f e  i n  space, antenna designlthermal p ro tec t ion ,  and 
weight reduction f o r  the d r i v e r /  t r ansmi t t e r .  
An item not d i r e c ~ l y  r e l a t e e  to  the  probe but :o the probe i n t e r f a c e  
i s  the receiving equipment on-board the r e l a y  c r a f t .  The rece ive r  must 
be designed to  handle up t o  2084 information bi ts lsecond !4168 
symbols/second) as  determined i n  Reference 1 r e p o r t .  It is understood 
t h a t  the receiver  i n  the  Ga l i l eo  program i.s designed f o r  a 256 
symbol/second r a t e .  Fur the r ,  the  receiving antenna HPBW is assmed  t o  be 
12.8 degrees 20.5 dBi gain on a x i s  and pointable  whereas the  Galileo 
antenna i s  f ixed and has a HPBW of 20-degrees o r  17 dBi gain. The 
s ignif icance  of the lower gain of the a c t u a l  Gal i leo  receiving antenna 
* * a s u s  that  assumed i n  basel ine  study i s  tha t  i f  we use the ac tua l  
Gal i leo  antenna, the  s t a t e d  probe t r a n s m i t t ~ r  powers would have to  be 
increased by 3.5 dB, o r  2.24 t imes,  t o  maintain ehe s t a t e d  l i n k  margins. 
0-7 Power 
Ksquiremento Analysis 
The base l ine  f w e t i o n a  of the power, cab l ing  and pyro subspstem a r e  to: 
o Provide power during en t ry ,  descent and landed phases of the  mission. 
o Provide pyrotechnical  devices f o r  j e t t i s o n i n g  and deployment 
opera t ions .  
o Provide in terconnect ions  between the var ious  probe subs ys ems. 
I n  add i t ion  t o  f u l f i l l i n g  these  funct ions  the  power, cabl ing,  and pyro 
subsystems must sae i s f  y these  mission d r i v e r s  and cons t r a incs :  
o 7-year c r u i s e  l i f e ;  
o Survive s t e r i l i z a t i o n  procedures ( 150°c bake) ; 
o Withstand 300g landing impact; 
o Have high powerlwcight and pover/volume r a t i o s ;  
o Supplyhighpeak/averagepower r a t i o s ;  
o Withstand 10-year exposure t o  space condi t ions;  
o 11 days a c t i v e  l i f e  (107 days Class  C). 
To s a t i s f y  the power needs and c o n s t r a i n t s ,  a v a r i e t y  of f a c t o r s  must be 
consid.ered. Atmosphere, temperature, and probe type a l l  serve  t o  con t ro l  
the mount of power needed by the probe. The b a t t e r y  capac i ty  v a r i e s  over a 
95 t o  104 W-hr range f o r  t h e  Class  A probe and a 263 t o  812 W-hr range f o r  
the Class  B probe. The Class  C probe would use RTSs t o  supplement b a t t e r y  
parer.  
Pyrotechnical  i n i t i a t o r s  a r e  used t o  e j e c t  the nose cap; t o  deploy and 
j e t t i s o n  the parachute; t o  a c t i v a t e  the probe and r e l e a s e  the data  gather ing 
equipment. These i n i t i a t o r s  a r e  f i r e d  by d i s c r e t e  s i g n a l s  sent  from the 
L. 
. . 
d a t a  handling and co-d subsystem. The major r e q u i r m e n t s  of the pyres i s  
t o  survive the 150°C s t e r i l i z a t i o a  and r e t a i n  t h e i r  v i t a l i t y  f o r  the 7 t o  
LO-year space voyage. 
The power source on-board the probe needs t o  s a t i s f y  some very s t r i n g e n t  
requirements indeed. A t  t h i s  time, only two b a t t e r y  types s a t i s f y  t h e  
power-to-weight r a t i o  requirement; l i th ium and z inc-s i lver  oxide (Zn-A@). 
Of these  two b a t t e r y  types ,  the  l i th ium c e l l  has higher puwer-to-weight and 
power-to-volume r a t i o s .  Zinc-si lver oxide b a t t e r i e s  have the  enormous 
advantage of being remotely ac t iva ted  and rechargeable. This makes the  
Zn-AgO b a t t e r y  eminently more p r a c t i c a l  than the  l i th ium b a t t e r y  f o r  use on 
the  probe. 
Deta i led  ana lys i s  on Zn-A@ b a t t e r i e s  r evea l s  tha t  current  b a t t e r y  
technology i s  not s u f f i c i e n t l y  deveioped a t  t h i s  time t o  meet the  needs of 
the probe. Zinc-si lver oxide b a t t e r i e s  t y p i c a l l y  have only a 6-hour wet 
l i f e  a£ t e r  a c t i v a t i o n  and can supply 5-15 W-hrllb. Minimum probe 
requirements ind ica te  a need f o r  an 11 t o  107-day wet l i f e  and a minimum of 
30 W-hr/ib. Information co l l ec ted  on Zn-AgO b a t t e r i e s  i n d i c a t e s ,  however, 
t h a t  t h i s  technology should e x i s t  i n  the 1985-1987 time-frame. 
The b a t t e t y  is required t o  withstand 300g impacts; t h i s  does not pose a 
severe problem. Tes t s  run i n  a cen t r i fuge  show t h a t  Zn-AgO b a t t e r i e s  
maintained both structural and e l e c t r i c a l  i n t e g r i t y  a f t e r  exposure t o  a 500s 
force .  This Par exceeds the expected 300g impact of the probe and gives  a 
wide margin of sa fe ty .  
A Class C probe would not be able  t o  ca r ry  a s u f f i c i e n t  number of 
b a t t e r i e s  alone to complete the  mission. For t h i s  probe type an RTG would 
then be used t o  recharge the b a t t e r i e s  during low demand periods (when 
t r a n s m i t t e r  and heat ing u n i t s  -re o f f )  and t o  supplement the b a t t e r y  during 
peak demands, Table B-7 rhowr a requirements sumnary f o r  the  power 
subsystem. 
A technology s t a t u e  inves t iga t ion  was conducted on the use of l i th ium 
b a t t e r i e s .  The r e s u l t s  of t h i s  study a r c  included i n  the  b a t t e r y  technology 
discuss ion (Sect ion 3.2). 
Table 8-7 E l e c t r i c a l  P w e r  Subsystem Requirements 
Thin Atmosphere 
Probe Class A B C 
Requirements 
Energy (W-hr) 9 5 263 322 
Peak Power (W) 7 3 103 127 
Active Mission 
Duration (Days) 11 11 107 
Thick Atmosphere 
(30% Surface)  
A B C 
Implementation 
Bat tery  Type Zn-Ago Zn-A@ Zn-AGO 
Required To ta l  
Capac it y (W-hr 162 45 1 552 
[W-kr ) 
RTG P m e r  
Weight (kg) 
(Includes Bat- i 
t e r i e s ,  PCDA, 17 29 4 1 25 44 57 
I 
Control Assem- 
b l i e s  & RTGe 
B-7.1.2 Pvror - Pyrotechnical  i n i t i a t o r s  perform severa l  e j e c t i o n  and 
deployment operations.  There include: 
o Pre-Entry Operations 
1. Act ivat ioa  of Zn-AgO b a t t e r i e s  
2. J e t t i s o n i n g  of  pra-entry sc ience  package upon en t ry  
3. To ta l  of f i v e  i n i t i a t o r s  needed 
o Entry and Descent Operations 
1. Nose cap e j e c t i o n  a t  Mach 0.8 
2 .  Parachute deployment a t  Mach 0.8 ( then atmosphere only)  
3. J e t t i s o n  parachute a t  10Om 
4. Release nephelometer 
5. Operation of GCM and n e u t r a l  mass spectromecer valves 
6.  Tota l  of 18 i n i t i a t o r s  needed 
o Landed Operations 
1. Deployment of equipment mast 
2. Release of sample d r i l l  
3. Uncage se  ismome t e r  
4. Tota l  of s i x  i n i t i a t o r s  needed 
This l i s t  app l i e s  to  the ~ a s e l i n e  Class  B probe only. Obviously, o the r  
c l a s s  probes w u l d  requ i re  d i f f e r e n t  n~imbers of i n i t i a t o r s .  
B-7.2 Technology Requirements 
Ba t t e r i e s  and RTUs a re  the only technological ly  immature por t ions  of the 
power, cabling and pyto subsystem. Both cabling and pyros use well 
e s t zb l i shed  and t e s t e d  technologies. Studies show l o w  temperature, long 
inac t ive  periods and a 300g impact to be the only requirkuents f o r  cabl ing 
and pyroa. Table B-8 shows a sunuuary of the technology a. lalysis .  
In a l l  th ree  probe c l a s s e s ,  the b a t t e r i e s  c ~ s t  be ab le  to  supply high 






























































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































passication.  Improvements i n  c e l l  l i f e  foreseen i n  the next 5 t o  7 years 
are primarily a r e s u l t  of more e f f i c i e n t  a c t i v a t i o n  procedures. During 
ac t iva t ion  the e l e c t r o l y t e  ( s to red  i n  a sealed tank during the  space f l i g h t )  
i s  dumped i n t o  the b a t t e r y  by i g n i t i o n  of pyros. A s  these  techniques 
improve, b a t t e r i e s  with a wat l i f e  of 107 days, and a r e  ab le  t o  withstand a 
lP-year space f l i g h t ,  should become avai lable .  
The RTG problem is somewhat more complex. Thermoelectric genera tors  have 
been b u i l t  using a wide rangt. of technologies. Mater ia ls  such a s  
B l 2 ~ e 3 ,  PbTe, A,SnSe and SiGe opera t ing from 500 t o  1 0 0 0 ~ ~  have been 
used. Low temperaturn genera tors ,  such a s  the  Snap 19, opera te  with an 
in te rna l  gas pressure caused by helium being released from the plutonium 
fuel. Multi-hundred watt genera tors  vent t h e i r  i n t e r i o r s  to  space a f t e r  
l i f t o f f  , thus operating i n  v a c u u  condit ions.  
During spece: f l i g h t ,  a l l  power to the probe is supplied from the  Saturn 
o r b i t e r .  A t  the time of separa t ion,  the  b a t t e r i e s  must take over t h i s  job 
and supply power f o r  the  249-hour probe l i f e .  Act ivat ion procedures must 
commence 6 hours before probe r e l e a s e  t o  ensure the probe's power system is 
operating s a t  i s f  to. jly. 
The RTG produces 25 wat ts  of power f o r  the Class  :: probe. A dc-to-dc 
parer converter raised the RTG output vol tage  high enough to charge the  
b a t t e r i e s .  Figure B-9 shows block diagrams of the A, B ,  and C c l a s s  probes. 

B-8 Data Bandlirrg and Command 
Requirements Analysis  
The Euactiona required of the base l ine  d a t a  handling and colnmand 
(DHSC) subsystem are to: 
o Provide on-board checkout f o r  both p r e f l i g h t  and preaepararion 
conf igurat ions  through the  o r b i t e r  i r t e r f a c e .  
o A t  separa t ion,  provide a timer f o r  probe a c t i v a t i o n  p r i o r  to  
ent ry .  
o A t  probe a c t i v a t i o n ,  provide sequences for  scienf e instrument 
warmup and c a l i b r a t e  and s t o r e  the c a l i b r a t i o n  data.  
o Provide sequencing of pre-entry sc ience  through an umbilical  t o  
the prc-entry module. 
a A t  the dece le ra t ion  s i g n a l ,  a c t i v a t e  the pre-entry module 
j e t t i s o n  sequence. 
o Provide sequencing and d s t a  s torage of e n t r y  science measurements. 
o A t  dece le ra t ion  and/or time s i g n a l ,  sequence pyros f o r  parachute 
re lease ,  nose cap re lease ,  and instrument deployment functions.  
o Provide sequencing of descent sc ience  measurements and i n t e r l e a v e  
s tored da ta  with real-time d a t a  for t ransmission t o  o r b i t e r .  
o A t  an a l t i t u d e  of 1 0 h ,  receive  the radar s igna l  t o  r e lease  the  
parachute ( t h i n  atmosphere only) .  
o Af te r  surface  touchdown, provide deployment and sequencing of the 
sufface  sc ience ,  and con t ro l  of the  data  i n  or  out  of buffers  and 
Large s c a l e  d a t a  storagE as  required by each probe c l a s s .  
o Format and i n t e r l e a v e  the  sc ience  and subsystem da ta  and route  
t h i s  da ta  t o  the telecommunications subsystem f o r  transmission t o  
the  o r b i t e r .  
No d e t a i l e d  requirements, and thus design f e a t u r e s ,  have been 
developed a t  t h i s  time f o r  t h e  DHdC subsystem. However, the  b a s i c  design 
philosophies have been reviewed as  defined i n  Reference 1, and determined 
to  be adequate. No major design changes f r m  the  base l ine  subsystem 
described i n  t h a t  reference  a r e  recommended. Table 5-9 shows the  b a s i c  
technical  requirements of t h e  DHLC. 
The referenced study i d e n t i f i e s  the i n t e r f a c e  between tho T i t an  
Probe and the  Saturn o r b i t e r  a s  being W. This type i n t e r f a c e  requ i res  a 
RF demaiulator on both the T i t an  Probe and Saturn o r b i t e r  t o  demodulate 
and de tec t  the s igna l  so t h a t  the  DHdC subsystems on the  T i t an  Probe and 
Saturn o r b i t e r  can accept and respond t o  the cotmnandsldata, r e spec t ive ly .  
The biggest  drawback to  t h i s  type i n t e r f a c e  i s  t h a t  the t r ansmi t t e r s  
on the T i t an  Probe and Saturn o r b i t e r  must be turned on t o  communicate 
with each other .  This opera t ional  mode can cause both thermal and 
prelaunch opera t ional  cons t ra in t s .  It i s  reconmended t h t  video 
( d i g i t a l )  i n t e r f a c e  be evaluated f o r  a t  l e a s t  pa r t  of  the^. x i s s ion  
requirements. This type interft.:e allows d i r e c t  en t ry  i n t o  the DE&C 
subsystems on t h e  T i t a n  Probe and Saturn o r b i t e r .  
A review of the DHCC subsystem revealed tha t  the subsystem can be 
broken down i n t o  two major funct ional  blocks,  the data  processor and the  
mass s torage device. Both these blocks i a t e r f a c e  with the science 
experiments. The processor con t ro l s  the experiments (and can, during 
en t ry ,  accept and s t o r e  science d a t a ) ,  and the mass s torage accepts and 


































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The basel ined data  system processor was based on a p r e l h i n a r y  
design perEormed by Hughes A i r c r a f t  Company f o r  the Ga l i l eo  J z p i t e r  
atmospheric en t ry  grobe. The format is programable  end would be use fu l  
t o  update the descent sequence, i f  required,  due t o  updated T i t a n  
atmospheric data  gathered during f lyby encounters by the  o r b i t e r  p r io r  t o  
the T i t an  Probe re lease .  Features  of the d a t a  processor a r e  shown i n  
Table B-10. 
Table B-10 Data Processor Features  
- (Class B ,  C - 135k) Memory (Control ,  Data Storage,  Format, 
- 
Sequence, Scratch Pad) 
- Class B,  C - 97k) B i t s  of Starage i n  Memory 
- Fixed and Program~able  Formats 
- Fixed or Progranmabla Descent Sequence 
- 254 Ava!ldble Comnand Channels (from O r b i t e r )  
- 96 Discrete Co~maand Lines (from Sequencer) 
- 79 Output Coarmands (from DHLC) 
- 6.2 kg; 6556 cm3; 6 Watts 
For t h i s  study,  twr, l e v e l s  of data  r 'orage a r e  required f o r  the  
Ti tan  Probe mission depending on probe c l a s s .  Emphasis was given t o  the 
Class  B probe but impacta caused by the  Clam C probe were a l s o  
considered. 
I n  add i t ion  t o  the data  processor s torage capaci ty ,  supplemental 
s torage c a p a b i l i t y  is required f o r  the  su r face  sc ience ,  p r imar i ly  f o r  
imagery data .  Storage requirements by probe c l a s s  and mission phase a r e  
as  follows:. 
Maxinunn Storage ( B i t s )  
Probe Class  Entry Surface 
While the da ta  processor s torage is adeqwte  f o r  bi .h probe c l a s s e s  
during an t ry ,  considerably more capac i ty  is required f o r  both probe 
c lasses ,  a s  mentioned above. This c a p a b i l i t y  is t? be provided by means 
of bubble memory discussed elsewhere i n  t h i s  repor t .  
The data  processor uses O S  technology and is considered t o  be 
state-of-the-art  f o r  t h i s  mission. It can be broken down t o  eevera l  
major funct ional  blocks,  a s  shown i n  Figure B-10. 
The h e a r t  of the data  processor is the timing and con t ro l  
c i r c u i t r y .  This c i r c u i t r y  generates the  data  clock which i s  used t o  time 
a l l  functions performed, including clocking d a t a  i n t o  memory, exe rc i s ing  
the sequence system, and updating the sc ra tch  pad, The clock w i l l  be 
c r y s t a l  con t ro l l ed  and the c r y e t a l  will o s c i l l a t e  a t  a frequency a t  l e a s t  
an order of magnitude higher than the  data  clock r a t e  i n  order to enhance 
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The timing and con t ro l  respond8 t o  various C-ands, such a s  
orbiter-to-probe "health" checks, o rb i t e r /p robc  separa t ion  
co~mnand/indication, dece le ra t ion  and radar  100-meter ind ica t ion .  Each of 
these  cormnmds or  d i s c r e t e  events causes the timing and con t ro l  t o  e i t h e r  
a c t i v a t e  a sequence o r  input loutput  to  memory. 
One primary funct ion the timing and con t ro l  p e r f o m  is t o  provide a 
timer t o  a c t i v a t e  the  probe a f t e r  5 t o  10 days following separa t ion  from 
the o r b i t e r .  The d i s c r e t e  s i g n a l  issued t o  a c t i v a t e  ("warmup") the  probe 
is derived by counting d m  an extremely slaw clock (1 pulse per 
second). These clock pulses can be derived from e i t h e r  the bas ic  d a t a  
clock or  a separa te  l e s s  complex clock s ince  p rec i se  timing should not be 
required.  
The o the r  var ious  probe s t a t u s  d i s c r e t e s ,  ( i .e .  dece le ra t ion  and the 
radar  130-meter a l t i t u d e  ind ica t ion)  cause i g n i t i o n  of pyros, parachute 
re lear  ?, and the j e t t i s o n  of pre-entry module a t  appror;.ate times. 
The i , ~ t e r f a c e  between the  sequence system and the  sc ience  subsystem 
cons i s t s  merely of the probe/orbi ter  separa t ion bi - level  s i g n a l  s ince  
each inatrtnnent v i l l  be designed t o  sequence i t s e l f  a f t e r  receiving the  
separa t ion indicat ion.  An a l t e r n a t i v e  approach t o  sequence the  science 
aubsys tm could be t o  use t h e  timer i n  the  timing and con t ro l  c i r c u i t r y .  
Also, i n  reference  t o  the timer, t h i s  same c i r c u i t e  could be uued to  
provide sequence coumands to  tu rn  the  t r ansmi t t e r  on or  off  as required 
for  the Class C probe, s i x e  the RF telemetry is required only when the 
o r b i t e r  is i n  s igh t .  
The science subsystem's data  buffer  suppl ies  a s i n g l e  multiplexed 
data  stream containing science and s u ~ s y s t e m  data  t o  the  input /output  
b u f f e r s ,  which e i t h e r  load the data  i n t o  memory o r  d i r o c t l y  t o  the 
format ter ,  and thus ,  t o  the  telecomrmnicarion subsystem f o r  real-time 
transmission. 
The input!output buffer8 con t ro l  the  flow of data  t o  e i t h e r  the  
processor memory o r  mass s torage a s  required during the descent and 
sur face  phase of the  mission. 
The formatter  accepts data  f r w  e i t h e r  data  memory o r  mass s torage 
o r  d i r e c t l y  f o r  real-time transmission and then converts  the data  t o  the 
proper PCM format. The data  is then routed t o  the teleccnmmnications 
subsystem f o r  transmission. 
The mass s torage concept base l ine  is  bubble memory. Table 8-12 
presents  a slmmuy of the  s torage c h a r a c t e r i s t i c s .  Previous s tud i?s  
showed tha t  space q r u l i f i a d  bubble memories of the capaci ty  required f o r  
t k i s  mission would be state-of-the-art  by the  e a r l y  t o  mid-1980s. 
severa l  indust ry  and government sources were contacted f o r  t h i s  study t o  
update the information previously gathered and t o  ob ta in  p ro jec t ions  i o r  
the develowent  of bubble m=ories. Eacb of these  sources were very 
o p t i m i s t i c  a8 to  the  fu tu re  use of bubble memories i n  space. They were 
a l s o  c o n s i . ~ t e n t  i n  t h e i r  pradic t ione of package s i z e  and power 
consumptim f o r  the  memory capacity requited.  
Table 8-12 Data Storage Summary 
Mass Volume Power Tota l  
(kB) ( cm3 (W) Bi t s  
Requirements : 
d l a s s  B Probe: 106 b i t s  f o r  science including imagery 
Class C Probe: 14.2 x lo6 b i t s  over 32-day period f o r  surface  
science 
8-9 Thermal Conmcl 
8-9.1 Requirements Analyeis 
The required function8 of the ba re l ine  Thermal Control  System ( T W I  
ffor :he T i t a n  Probe a r e  to: 
9 Uaintain a l l  probe components wi th in  s torage temperature l i m i t s  
during the  prelaunch, launch, c r u i s e ,  and coas t  phaaer of the  
ulission. 
c Maintain a l l  probe -0mpon3nts wi thin  apera t iona l  temperature 
l imi t s  during the varmup, pre-eutry, en t ry ,  descent,  and landed 
phases of the mission. 
The TiS must perform these functione vkile ~ a r i s f y i n g  thl- following 
mission d r i v e r s  and constrain:$: 
o Maintain s t r u c t u r a l  i n t e g r i t y  and opera t iona l  c a p a b i l i t y  uadcr a 
300g impact load. 
o Provid, t h e m d l  p ro tec t ion  from an uncer ta in  environment nn the 
surface  of Ti tan  as fol lovs:  
1. Temperature 
a. 7 0 ' ~  to  100% 
2. Atmosphere 
a. 100% methane or n i t rogen 
b. 0.2 t o  2 bars  pressure 
c.. Wind ve loc i ty  TBD -/sec 
o L i m i t  the weight cf the  TCS to  a maximum of 2 i . 0  kg (does not 
include ab la t ive  heat  sl . ield).  
o S a t i s f a c t o r i l y  perform a mi je ian  l i f e  of approximately 10 years. 
o Hold contamination of t h e  T i t an  surface  t o  spec i f i ed  limits. 
The TCS described i n  the base l ine  study cons i s t8  of a 7.6-cm th ick  
raper of insu la t ion  ins ide  t h e  spher ica l  a f t  cover; thermal i e o l a t i m  
s tandoffs  t o  mount component8 on the honeycomb backpldte; i n s u l a t i o n  
between the honeycomb backplate and the  components; a d  i n s u l a t i o n  around 
the c e n t r a l  s t r x t u r a l  tube, chus enclosing the componests. Radioisotope 
thermal u n i t s  (RTUs) a re  used wi th in  t h i s  enclosure t o  replace  the  heat  
l o s t  through the insu la t ion  and probe s t r u c t u r e  t o  the T i t an  environment 
during the warmup, pee-eqtry, en t ry ,  descent,  and landed phases of the  
mission. ground cooling loop is provided t o  r e j e c t  the RTU hea t  load 
during the ;relaunch ohase. Beat pipes ccnduct t h e  RTU heat  load t o  a 
spacecraft-mounted r r d i ~ t o r  during the c r u i s e  phase and t o  a 
probe-mounted rad ia to r  during the  coas t  phase. 
A review of t h i s  passive TCS shows tha t  it does not provide the  
control  nece?sary to  amount f o r  the  following uncer ta in t i e3  i n  t h e  T i t a n  
environment : 
o Temperature is predicted to  be i n  the range of 7 0 ' ~  to 100'~. 
o Atmcsphrric composition may range from 100% methane (base l ine )  t o  
100% ni t rogen a t  pressures from 0.2 bar t o  2.0 bars.  I n s u l a t i o n  
performance w i l l  vary s i g n i f i c a n t l y  over t h i s  range of condit ions 
due t o  "poisoning" by the atmosphere. 
o Winds may r e s u l t  ~ L L  high convective losses  a t  e x t e r i o r  su r faces  
of the probe. 
T,: account fo r  thes t  u n c e r t a i n t i e s ,  i t  is proposed t h a t  the 
aescribed passive TCS be designed with a cold b ias  f o r  the c r u i s e  
and coast  phases. It is a l s o  proposed t h a t  t h e  RTU thennal output be 
supplemented by the rmos ta t i ca l ly  con t ro l l ed  e l e c t r i c a l  r e s i s t a n c e  hea te r s  
to con t ro l  the compartment temperature wi thin  spec i f i ed  l i m i t s  during the  
landed phase of the mission. Figures B-11 and B-lla show a funct ional  
block diagram of t h  .s system. 
An a lee rna te  design may be required i f  b e t t e r  d e f i n i t i o n  of the 
T i t an  environment and component opera t iona l  temperatures ind ica tes  the  
necess i ty  t o  r e j e c t  r a the r  than add heat  during the landed phase. I n  
t h i s  event,  mechanisms would be provided to  move t h e  RTUs i n  o r  out of 
the prcLz i n t e r i o r ,  a s  required,  t o  con t ro l  compartment temperature 
wi thin  spec i f i ed  l i m i t s  during the  landed phase of the  mission. Figure 
B-12 shows a funct ional  block diagram of t h i s  a l t e r n a t e  system. 
An undesirable f ea tu re  of the  TCS described i n  the  base l ine  
confi&uration is the spacecraft-mounted r a d i a t o r  which requ i res  the usa 
of heat pipes t h a t  cross  the  Solar  orbi ter -Ti tan  Probe i n t e r f a c e .  These 
pipes must be vented and cut p r i o r  t o  probe separa t ion,  thus present ing 
same very se r ious  problems l ike:  
o Single  point  mission f a i l u r e  should any one of the pipe c u t t e r s  
f a i l  t o  function properly.  
o Containment of the pressurized working f l u i d  t o  prevent probe 
centaminatian. 
To aver t  these  problems, the  Saturn  orbi ter -Ti tan  Probe 
conf igurat ion should be designed such t h a t  the  probe-mounted t-adiato; car 
r e j e c t  the RTU heat  load during the c r u i s e  phase as  well  as the coast  
phase of the  mission,  thus e l iminat ing the  need f o r  heat  pipes across the  
Saturn orbi ter -Ti tan  Probe in te r face .  
In  addi t ion to  tho TCS described i n  che base l ine ,  thermal con t ro l  is 
required EOZ the pre-entrv scierlce module and f o r  the components wi th in  
the  c e n t r a l  s t r u c t u r a l  tube. Also, the a n t e m a s  may requ i re  spec ia l  
thermal :o*trol t r  prevent detuning and/or delamination caused by 
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Since the  pre-entry sc ience  module w i l l  be subjected t o  a f a i r l y  
constant  +d predic table  environment, i t s  components can be maintained 
wi thin  spec i f i ed  limits by a pass ive  TCS cons i s t ing  of i n s u l a t i o n  
ar,closing the module i n t e r i o r  and e l e c t r i c a l  hea te r s  t o  supply the  heat  
losses .  
The c e n t r a l  tube TCS w i l l  be designed as an in tegra ted  pa r t  of the 
probe i n t e r i o r  TCS. 
B-9.2 Technology Requirements - The technology requirements f o r  the TCS 
a re  shown i n  Table B-13 and discussed i n  the  following paragraphs. 
The ground cooling loop must be capable of r e j e c t i n g  200 t o  250 
watts  thermal t o  the  ground cooling system while maintaining the  probe 
i n t e r i o r  a t  approximately 278 '~  (40 '~) .  I t  must a l s o  have the  
c a p a b i l i t y  of heat ing the  probe i n t e r i o r  by high temperature f l u i d  fiow 
(TBD %! t o  a i d  i n  the s t e  Llizacion process. The ground cooling loops 
a re  s imi la r  t o  those used oc  the  Viking Landers. This technology is 
considered to  be well  wi th in  present  state-of-the-art .  
The probe-mounted r a d i a t o r  system is required t o  r e j e c t  200 t o  250 
watts  thermal t o  space v h i l e  maintaining the probe i n t e r i o r  a t  
approximately 278 '~  (40'~) during the c r u i s e  and coast  phases ( 10 
years ) .  The technology f o r  the  use of heat  pipes and r a d i a t o r s  i n  a 
zero-g environment is well es tab l i shed  and i s ,  the re fo re ,  wi th in  the 
present  state-of-the-art.  
F iberglass  insu la t ion  must be capable of l imi t ing  heat  losses  t o  250 
to  300 watts  thermal v i t h  the  components a t  opera t iona l  temperatures and 
the e x t e r i c r  surfaces  subjected to  the uncer ta in  condit ions on T i t c n ' ~  
surface .  Studies  a r e  required to establish insu la t ion  f a b r i c a t i o n  
techniques and const ruct ion d e t a i l s  t o  prevent contamination of the oro'ce 
i n t e ~ i o r  with insu la t ion  p a r t i c l e s  and to  maintain the  s t r u c t u r a l  
i n t e g r i t y  of the insu la t ion  under a 300g impact load. This i s  not 













































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































The lo-year l i f e  requirement of t h e  T i t a n  Probe d i c t a t e s  the  use of 
RTUs t o  provide a r e l a t i v e l y  constant passive heat  source f o r  the  c r u i s e  
and coast  phases of the  mission. The RTUs must be sized (approximately 
200 t o  250 wat ts  thermal) t o  maintain the probe compments near t h e i r  
minimum storage l i m i t s  (cold 'biam). This is considered t o  b e . a  
technology development ieam due t o  the comparatively high thermal output 
requirement f o r  t h e  BTUs. The Cal i f  eo Probe uses small (1  watt RTUs 
t h a t  a r e  j e t t i soned  with the ae roshe l l  p r i o r  t o  entry.  
I n  addi t ion,  should it be determined t h a t  the  RTU8 must be moved t o  
obta in  the necessary thermal con t ro l ,  s t u d i e s  would be required t o  
develop simple r e l i a b l e  mechanisms to  provide pos i t ive  movement and 
posi t ioning of :he RTUs through penetra t ions  in  the probe insula t ion.  I n  
conjunction with the  t ranspor t  mechanism s t u d i e s ,  c o n t r o l l e r s  w u l d  have 
t o  be devised t o  sense the probe inte- ' .or  temperature and ac tua te  the 
t ranspor t  mechanisms. Also, t h e  i n s u l a t i o n  penetra t ions  w u l d  have to  be 
designed t o  lainimize losses  and, a t  the same time, permit tire RTUs t o  
r e j e c t  t h e i r  heat e i t h e r  t o  t h e  T i tan  env i rowent  or  t o  the  probe 
i n t e r i o r ,  depending on RTU posi t ion.  
The the rmos ta t i ca l ly  con t ro l l ed  e l e c x i c a l  r es i s t ance  hea te r s  a r e  
required t o  supplement the cold b ias  RTO output t o  maintain the  
components within operat ional  temperature l imi t s  by replacing tb,e probe 
heat  losses  t o  the environment (250 t o  300 wat ts  t o t a l ) .  The use of 
e l e c t r i c  res i s t ance  hea te r s  is we 11 within  the  state-of -thewart. 
However, techno logy development is required t o  e s t a b l i s h  a design t h a t  
w i l l  withstand the  300% impact load. 
The use of ab la t ive  hea t sh ie lds  to  d i s s i p a t e  the heat generated 
during entry and descent is a well es tabl ished technolo=. 'in the  T i tan  
Probe appl icat ion,  however, the  hea t sh ie ld  must e i t h e r  be' j e t t i soned  
p r io r  to probe impact or  some other  means employed to prevent 
contamination of the impact area on T i tan  by the charred ab la to r  mater ia l .  
Them41 control of the antennas moy be required to maintain same 
specified operating temperature and to minimize temperature excursions to 
prevent detuning and/or delamination of the antennas. This io being 
flagged a8 a technology develo~ent item in both the thermal control and 
the trlecomwtnications subrpstema. 
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